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CHAPTEE  I 

EXAMINATION  OF  THE  EYE 


In  the  first  three  chapters  I  have  thought  it  advisable  to 
state,  as  clearly  and  concisely  as  possible,  the  different 
methods  by  which  a  student  should  examine  thoroughly 
a  case  of  ocular  affection  or  disease.  Each  case  caSnot 
be  exammed  completely  as  to  every  part  of  the  eye  as 
time  would  not  allow;  but  in  most  cases,  by  taking'the 
patient's  history  as  to  the  attack,  and  by  observation,  the 
parts  to  be  specially  examined  will  be  soon  recognised- 
the  pages  contaimng  the  description  of  these  parts  should 
then  be  referred  to. 

It  is  important,  in  the  first  place,  to  take  short  notes 
ot  the  history  of  the  ocular  symptoms  complained  of  by 
the  patient,  as  to  their  onset,  duration,  and  especially 
the  existence  of  any  previous  eye  trouble.  If  it  is  a 
case  of  error  of  refraction  or  accommodation,  the  question 
of  whether  the  patient  had  ever  worn  spectacles  or  for 
how  long,  should  be  gone  into,  and  the  strength  of  the 
spectacles  should  be  measured  and  noted  down  In 
many  cases  it  is  important  to  take  some  particulars  of 
the  general  constitutional  history  of  the  patient,  and  of 
the  family  history  (especially  with  reference  to  the  imme- 
diate relations). 
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It  cannot  be  too  strongly  impressed  on  the  observer 
that  the  vision,  at  all  events  for  distance,  must  always 
be  taken  for  each  eye  separately. 

The  examination  of  the  eye  has  been  divided  into 
two  parts,  viz. :  The  objective,  by  the  unaided  eye  of  the 
observer  with  or  without  focal  illumination,  and  by  the 
ophthalmoscope;  and  the  subjective,  for  acuteness  of 
vision,  fields  of  vision,  colour  sense,  and  hght  sense. 

Objective  examination  by  the  unaided  eye 
without  focal  illumination.— Most  of  the  following 
observations  may  be  made  without  concentrating  the 
Hght  by  means  of  a  lens  {foccd  illwnination) ,  provided 
that  a  good  Hght  is  obtainable.  This  is  best  done  by 
placing  the  patient  facing  a  window. 

In  the  first  place,  the  general  appearance  of  the 
patient  must  be  carefully  observed,  and  signs  of  consti- 
tutional disease,  as  syphiHs,  tubercle,  gout,  &c.  looked  for. 
The  expression  of  the  patient  is  often  an  important  aid 
in  diagnosis— for  example,  the  vacant  expression  of  the 
blind  the  extreme  Hd  spasm  in  children  suffering  from 
corneal  ulcer,  the  heavy  look  of  the  lids  in  granular 
conjunctivitis,  the  prominence  of  the  myopic  eye,  the 
inclination  of  the  head  to  one  side  as  in  paralysis  of  an 
external  ocular  muscle. 

In  ah  the  foHowing  observations  it  is  very  necessary 
that  the  two  sides  should  be  compared,  and  that  every 
observation  made  on  one  eye  should  be  repeated  on  the 
other  if  practicable. 

The  lids  should  be  examined  as  to  their  skin  surface 
and  their  movements  ;  the  condition  of  the  ciHary  borders 
should  be  carefully  inspected  by  Hfting  the  upper  Hd 
with  the  thumb  of  one  hand,  whilst  the  lower  Hd  is 
puHed  down  by  the  index  finger  of  the  other  hand.  By 
this  means  the  situation  and  direction  of  the  eyelashes 
can  be  determined,  and  the  position  and  size  of  the 
puncta. 
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To  evert  the  upper  lid,  the  patient  must  be  directed, 
with  his  head  erect,  to  look  towards  his  feet,  and  thus 
relax  the  tissues  of  the  upper  Hd.  A  probe  or  thin  pencil, 
held  in  one  hand  of  the  observer,  is  laid  horizontally 
along  the  skin  of  the  upper  hd,  half-way  between  the 
cihary  margin  of  the  lid  and  the  supercihary  ridge  of  the 
orbit.  The  eyelashes  are  taken  between  the  forefinger  and 
thumb  of  the  other  hand,  and  the  hd  pulled  downwards 
and  stretched.  The  probe  is  now  pressed  backwards 
and  drawn  from  the  nasal  to  the  temporal  side,  when  the 
lid  is  easily  turned  over  it  and  everted. 

To  look  at  the  eyes  of  children  with  spasm  of  the  hds 
the  following  is  the  most  convenient  way.  Two  chairs 
of  the  same  height  are  placed  opposite  one  another ;  the 
observer  sits  in  one,  a  nurse  in  the  other,  holding  the 
child  horizontally  in  her  lap  with  the  face  upwards. 
The  observer  grasps  the  head  of  the  child  with  his  knees, 
whilst  the  nurse  holds  the  arms  and  legs.  He  then 
places  the  index  finger  of  his  right  hand  on  the  upper 
hd  and  presses  downwards  towards  the  cihary  border, 
as  if  trying  to  hook  the  finger  round  this  border,  and 
thus  draws  the  lid  upwards,  taking  great  care  not  to 
evert  its  edge.  With  the  index  finger  of  the  left  hand 
pressmg  on  the  cihary  border,  he  draws  down  the  lower 
lid. 

Extrinsic  ocular  muscles.~To  test  the  power  of  these 
muscles  the  observer,  holding  an  object,  such  as  a  pen,  in 
his  hand,  should-direct  the  patient  to  follow  it  carefully 
with  his  eyes,  and  to  execute  the  complete  lateral  (abduct- 
ing and  adductmg)  and  vertical  (elevating  and  depressing) 
movements ;  at  the  same  time,  any  halting  action  or 
involuntary  oscillations  (^lystaymus)  should  be  watched 
for.  The  associated  action  of  the  upper  lid  with  eleva- 
tion or  depression  of  the  eyeball  must  be  noticed. 

If  a  squint  be  present,  the  patient  should  be  directed 
to  follow  the  observer's  finger  moved  in  the  opposite 
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direction  to  the  .squint,  and  if  the  squinting  eye  moves 
normally  in  this  direction,  the  squint  is  concomitant,  but 
if  the  eyeball  halts,  the  squint  is  probably  paralytic. 

The  amount  of  binocular  convergence  power  may  be 
roughly  estimated  by  instructing  the  patient  to  fix  the 
observer's  finger,  which  is  approached  closely  to  he 
patient's  face,  the  distance  bemg  measured  at  which 
convergence  power  is  no  longer  possible,  as  shown  by 

one  eve  turning  out.  „  ^    ,    i  ^^ 

The  lachrymal  system,  consisting  of  the  lachryma 
gland  and  passages,  should  be  carefully  examined  if 
there  be  signs  of  lachrymation  or  watery  eye.  ibe 

if  enlarged     On  everting  the  upper  hd  the  accessonj 

seen  if  the  hds  are  shghtly  everted. 

The  caruncle  situated  at  the  mner  -g^^;  ^ 
n    r.t  n  ninkish  colour ;  if  sunk  or  deeply  placed, 
Z  probablyTeBotes  tLt  tenotomy  of  the  intemaUectus 
has  been  performed.    Extending  from  the  caruncle  .  a 
pfnldsh  fold,  the  pH»  the  remams  of  the 

"ttXglrthe  interna,  palpebral  ligament  ma, 
.  *  T  ™,!ocele  from  lachrymal  obstruction,  and  m 
thTslL:  TrXtover  the  swllUng  w,ll  cause  the  con- 

'^'re^r."!-  can  be  examined  from 

mg  the  lower  na  J>y  .  of  the  axis  in  hyper- 

lt\"randX^«  I  astigmatism  may  be 
observed. 


EXAMINATION  OF  THE  EYE 


5 


If  prominence  {proptosis)  or  recession  {enoiohthalmos) 
of  one  eye  be  suspected,  the  patient  should  be  seated  in  a 
chair,  whilst  the  observer,  standing  behind  and  looking 
over  the  patient's  head,  raises  both  upper  lids  and  notes 
the  relative  position  of  the  anterior  portion  of  the  corneae. 

To  examine  the  orbit  the  observer  should  stand 
behind  the  patient,  and  with  his  fingers  feel  the  margins 
and  press  through  the  lids  deeply  into  the  recess  {oculo 
orbital  sulcus)  between  the  globe  and  the  walls  of  the 
orbit. 

Tension. — The  eyeball,  consisting  of  fluid  contents 
enclosed  in  a  strong  fibrous  covering,  gives  a  feeling  of 


Fig.  1. — Estimation  of  Tension 


resistance  to  the  fingers  placed  upon  it,  and  this  re- 
sistance is  known  as  the  intra-ocular  tension,  and  varies 
in  health  and  disease.  To  estimate  tension  (fig.  1). — The 
patient  is  directed  to  look  at  his  feet,  and  close  his 
eyehds,  whilst  the  observer,  standing  opposite,  places  the 
tips  of  both  index  fingers  on  the  outer  surface  of  the  eyelid 
just  below  the  orbital  ridge,  and  presses  downwards  on 
the  globe,  alternately  with  one  finger  and  then  with 
the  other,  as  if  trying  for  fluctuation.  Bowman  insti- 
tuted a  scale  for  comparison  of  tension,  and  described 
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the  firm  tense  semifluctuating  feehng  of  the  normal  eye 
as  the  mean  (normal  tension)  represented  by  T.n.  Any 
shght  mcrease  of  this  tension  he  called  T  +  1,  if  the 
tension  were  greater  still  T  +  2,  and  if  of  stony  hard- 
ness T  +  3.     In  the  same  way,  he  estabhshed  a  scale 
for  diminished  tensions,  T-1,  T-2,  T-3.     This,  of 
course,  is  not  an  accm^ate  method,  and  depends  a  great 
deal  on  the  touch  and  practice  of  the  observer.  In 
the  endeavour  to  render  the  estimation  more  scienti- 
fically exact,  several  instruments  called  tonometers  have 
been  invented,  of  which  Priestley  Smith's  is  the  most 
reliable. 

The  conjunctiva  is  divided  into  the  palioehral, 
lining  the  eyehd;  and  the  omlar,  covering  the  eyeball. 
To  examine  the  palpebral  conjunctiva  of  the  upper  hd 
it  is  necessary  to  evert  the  hd.  Foreign  bodies  are  often 
present  on  this  part  of  the  conjunctiva,  and  granulations 
are  to  be  found,  especially  on  the  fold  known  as  the 
retro-tarsal  formed  by  the  edge  of  the  tarsal  cartilage. 
The  fornix  or  cul-de-sac  produced  by  the  palpebral  con- 
junctiva passing  to  the  ocular  sometimes  contams  a 

foreign  body.  . 

The  upper  portion  of  the  ocular  conjunctiva  is  dis- 
played by  directing  the  patient  with  head  erect  to  look 
down  whilst  the  observer  raises  the  upper  hd;  the 
lower  part  is  seen  by  the  patient  turning  his  eye  upwards 
whilst'the  lower  hd  is  pulled  down. 
■    The  ocular  conjunctiva  should  be  smooth  and  trans- 
parent, the  white  of  the  sclerotic  with  a  few  vessels  being 
seen  through  it.  In  patients  over  forty  there  is  generaUy 
near  the  outer  and  inner  edges  of  the  cornea,  on  a  level 
with  the  centre  of  the  pupil,  a  small  yellowish  triangular 
patch  ( Pinguecula). 

The  vessels  (fig.  2)  seen  with  the  naked  eye  m  in- 
flammation may  be  divided  into  the  following 

1.  The  posterior  conjunctival  P.G.,  derived  from  tlie 
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palpebral  and  lachrymal  vessels,  are  scarcely  seen  in 
health.  In  inflammation  of  the  conjunctiva  the  vessels 
form  a  close  network — scarlet  or  brick-red  in  colour — 
freely  movable  with  the  conjunctiva,  not  so  distinct 
near  the  corneal  margin,  and  not  disappearing  on  pressure 


Fig.  2.— Vessels  oe  the  Eyeball.    The  Aeteeies  are  eepee- 

SENTED  ON  THE  LEFT  AND  THE  VeINS  ON  THE  EIGHT 

A  Oil,  L  Oil,  S  Oil,  anterior,  long,  and  short  ciliary  ;  A  C,  P  C,  auterior  and 
posterior  conjunctiva;.  E,  episcleral ;  P,  perforating ;  V  V,  vena  vorticosa  ; 
A  C  H,  V  G  H,  central  retinal  artery  and  vein. 


with  the  finger.  In  the  network  so  formed,  the  veins 
and  arteries  are  indistinguishable  from  one  another. 

2.  The  subconjunctival  are  branches  or  radicles  of 
the  anterior  cihary  vessels  A.  Cil,  and  are  divided  into 
the  perforating  and  episcleral. 
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(1)  The  'perforating  arteries,  P,  disappear  about  in. 
from  the  corneal  margin,  are  very  tortuous,  and  may 
be  seen  in  health.  They  are  especially  well  marked  in 
glaucoma. 

(2)  The  episcleral  arteries,  B,  are  not  seen  in  health, 
but  in  disease  form  a  pink  zone  of  straight  parallel 
vessels,  surrounding  and  radiating  from  the  cornea  {cir- 
cumcorneal  zone).  They  do  not  move  with  the  conjunc- 
tiva, and  disappear  on  pressure.  They  are  well  marked 
in  iritis  and  in  keratitis.  The  episcleral  veins,  E,  are 
dusky  looking,  and  are  found  in  glaucoma,  cyclitis,  and 
scleritis. 

3.  The  anterior  conjunctival  vessels,  A.C.,  which  are 
superficial  branches  of  the  anterior  cihary,  are  bright 
red  in  colour,  found  near  the  corneal  margin,  and  indicate 
superficial  corneal  mischief. 

CEdema  {chemosis)  of  the  conjunctiva,  generally 
associated  with  inflammation,  is  often  seen.  Enlarge- 
ment of  the  lymphatic  spaces,  resembhng  strings  of 
transparent  beads  or  small  cysts,  is  at  times  met  with. 

The  sclerotic  is  seen  through  the  transparent  con- 
junctiva, and  is  generally  described  as  being  of  a  pearly- 
white  colour,  but  occasionally  it  may  be  pigmented. 

Objective  examination  by  focal  illumination 
(fig.  3).— The  patient  is  seated  in  a  chair  facing  the 
observer,  dayhght  or  artificial  hght  being  used.  The 
observer  holds  a  biconvex  lens  of  about  13  dioptres  (3  in.) 
between  the  patient's  eye  and  the  source  of  light,  in  such 
a  manner  that  the  Hght  is  concentrated  or  brought  to  a 
focus  on  the  part  to  be  examined.  In  order  to  do  this 
more  thoroughly,  the  observer  can  magnify  the  structure 
he  is  looking  at  by  means  of  a  second  lens  held  m  the 
other  hand. 

The  Cornea  must  be  examined  as  to  its  transparency, 
surface  and  sensibility.  The  reflection  of  external  objects, 
such  as  the  window-frame,  should  be  sharp  and  bright ; 
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any  deviation  from  tliis  would  indicate  the  presence  of 
facets  or  nebulae. 

To  demonstrate  the  extent  and  presence  of  corneal 
ulcers  a  drop  of  fluorescin  solution  (F.  48)  may  be  put  into 
the  eye,  and  after  two  or  three  minutes,  on  washing  away 
the  superfluous  reagent  by  boracic  acid,  the  ulcerated 
surface  will  be  stained  a  bright  yellow-green.  The  sen- 
sibihty  of  the  cornea  may  be  tested  by  a  small  piece  of 
thread  or  twisted  cotton-wool. 

The  anterior  chamber  must  be  examined  from  the 
side  and  front  as  to  its  depth,  by  noting  the  distance 


Fig.  3. — Focal  Illumination 

between  the  corneal  reflection  and  the  iris.  The  con- 
tents should  be  clear  and  transparent;  if  pus  or  blood 
be  present,  they  gravitate  to  the  most  dependent  part  of 
the  chamber. 

•  The  iris  must  be  examined  as  to  its  colour,  pohsh, 
and  pupillary  aperture.  The  colour  of  the  iris  when 
inflamed  is  altered,  and  as  a  rule  this  may  be  seen  by 
comparing  the  two  sides ;  in  such  a  case  a  blue  iris  will 
become  green.  Marked  differences  in  pigmentation  of 
the  irides  are  very  common,  and  when  of  congenital 
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origin,  the  normal  polish  of  the  iris  is  not  altered. 
During  movements  of  the  eyeball,  the  iris  as  a  whole 
should  not  be  seen  to  move ;  if  the  iris  does  oscillate 
{tremuloits  iris),  dislocation  of  the  lens  or  fluid  condition 
of  the  vitreous  is  generally  present. 

The  size  of  the  pupil  can  be  measured  by  a  impillo- 
meter ;  the  author's  (fig.  4)  is  used  by  holding  the  gauge 
close  to  the  outer  canthus,  and  by  moving 
it  up  and  down  until  one  of  the  semi- 
circles  corresponds   to  the  size   of  the 
pupil.    For  such  observation  the  patient 
should  be  seated  opposite  a  window  in  a 
good  Hght,  and  told  to  look  into  the  far 
distance.    If  there  be  any  doubt  about  the 
reaction  of  the  pupil,  the  observation  can 
be  made  in  a  dark  room  with  the  ophthal- 
moscope. 

The  pupillary  aperture  must  be 
examined  as  to  its  size,  shape,  and  posi- 
tion.    The  normal  pupil  looks  black  by 
reflected  light,  and  is  about  4  mm.  in 
diameter,  circular,  regular,  and  shghtly  to 
the  nasal  side  of  the  centre  of  the  cornea. 
It  should  be  equal  to  its  fellow,  and  vary 
with  it  under  different  degrees  of  illumina- 
tion.    Thus,  if  one  eye  be  shaded,  both 
pupils  should  dilate  equally ;  and  if  Hght 
be  thrown  into  one  eye,  both  pupils  will 
contract  to  the  same  amount.    The  chief 
movements  of  the  pupil  are  contraction  and 
dilatation,  and  these  alterations  may  be  called  contraction 
and  dilatation  reflexes.    The  contraction  reflexes  of  the 
pnpil  are  three  in  number  :  (1)  Direct  light  reflex  ;  this  is 
obtained  by  throwing  hght  into  one  eye,  and  observmg 
the  contraction  of  the  pupil  of  this  eye  ;  (2)  Consensual 
light  reflex  ;  which  may  be  demonstrated  by  throwmg  an 


Fig.  4 

pupillometee 
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increased  light  into  one  eye,  and  observing  the  contrac- 
tion of  the  pupil  of  the  other  eye  ;  (3)  Accommodation 
reflex ;  obtained  by  directing  the  patient  to  fix  a  point 
about  four  inches  from  the  nose  in  the  middle  line, 
when  the  pupil  will  contract.  This  contraction  also 
takes  place  on  the  convergent  movements  of  the  eye 
associated  with  accommodation,  and  can  be  obtained,  as 
a  rule  in  the  blind,  by  instructing  the  patient  to  try  to 
fix  his  own  finger  at  about  four  inches  distance. 

The  dilatation  reflexes  are  four  in  number.  (1)  Direct 
shade  reflex  ;  when  one  eye  is  shaded  the  pupil  of  that 
eye  dilates.  (2)  Consensual  shade  reflex  ;  when  one  eye 
is  shaded  the  pupil  of  the  other  eye  dilates.  (3)  Accom- 
modation relaxation  reflex  ;  on  relaxation  of  accommoda- 
tion the  pupils  dilate.  (4)  The  sensory  reflex  ;  on  stimulat- 
ing sensory  nerves,  as  by  tickling  the  hand,  both  pupils 
dilate. 

The  pupil  dilates  to  mydriatics,  as  atropine,  homatro- 
pine,  and  cocaine,  and  contracts  to  miotics,  as  eserine,  or 
pilocarpine.  Inequality  of  the  pupils  is  of  frequent 
occurrence  in  adult  Hfe,  and  in  many  cases  has  no  patho- 
logical importance.  The  pupil  is  influenced  by  its  blood- 
supply  ;  in  congestion  of  the  iris  the  pupil  contracts  {con- 
gestion miosis).  SUght  rhythmic  movements  synchro- 
nous with  respiration  may  often  be  observed. 

The  ciliary  reg-ion. — In  inflammation  of  this  region 
palpation  with  the  finger  behind  the  periphery  of  the 
cornea  occasions  pain  and  tenderness. 

The  lens  may  be  examined  by  the  unaided  eye,  as 
far  as  the  anterior  capsule  and  the  anterior  part  of  the 
lens  are  concerned,  but  for  thorough  investigation  the 
pupil  must  be  dilated  by  homatropine  and  cocaine 
(F,  5a),  and  the  examination  made  in  a  dark  room  by  focal 
illumination  and  by  the  direct  ophthalmoscopic  method. 
With  focal  illumination  and  a  dilated  pupil,  two  images 
of  the  light  ought  to  be  seen— one  upright,  brighter,  and 
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larger  on  the  anterior  surface  of  the  lens,  and  the  other 
inverted,  not  so  well  defined,  and  not  so  bright  on  the 
posterior  aspect.    These  two  images  are  a  test  tor  the 
presence  of  the  lens,  and  are  not  present  in  aphakia 
(absence  of  the  lens).    A  senile  lens  generally  looks  grey 
to  the  unaided  eye  when  the  pupil  is  contracted,  and 
may  be  mistaken  for  cataract ;  but,  with  a  dilated  pupil, 
the  direct  close  ophthalmoscopic  exammation  (with  a 
+  10  D.  to  +15  D.  lens  in  the  sight-hole  of  the  mirror) 
will  immediately  detect  a  true  opacity  in  the  lens,  such 
opacity  appearing  dark  grey  against  the  red  reflex  of  the 
fundus.    Lenticular  opacities  may  also  be  observed  by  the 
direct  distant  ophthalmoscopic  method. 
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CHAPTEE  II 

EXAMINATION  BY  THE  OPHTHALMOSCOPE 

The  ophthalmoscope  in  its  simplest  form  consists 
of  a  circular,  silvered-glass,  concave  mirror,  of  about 
20  cm.  focal  length,  pierced  by  a  central  aperture  called  the 
sight-hole,  3  mm.  in  diameter.  The  mirror  should  be 
fitted  into  a  metal  disc  supported  on  a  handle.  Such  an 
instrument  can  be  employed  for  direct  distant  ophthalmo- 
scopic work,  or  for  the  indirect  method ;  but,  though 
possible,  it  is  difficult  to  use  it  to  advantage  for  the 
direct  close  ophthalmoscopic  examination. 

To  remedy  this,  an  arrangement  like  the  nosepiece  of 
a  microscope  is  now  generally  used  (fig.  5,  d),  bearing  a 
large  concave  mirror  of  20  cm.  focal  length  at  one  end, 
and  a  small  tilted  mirror  of  8  cm.  focus  at  the  other. 

An  ophthalmoscope  (fig.  6)  with  a  rectangular  mirror 
(20  cm.  focal  length),  capable  of  being  brought  forward 
and  tilted  to  either  side,  admits  of  use  for  all  methods. 

In  every  ophthalmoscope  there  should  be  a  series 
of  lenses  arranged  to  pass  behind  the  sight-hole ;  the 
number  of  these  lenses  varies  according  as  the  instrument 
is  intended  for  general  medical  use  or  for  refraction 
purposes.  For  general  use,  the  series  of  eleven  lenses 
numbered  in  dioptres  (  +  l-r2  +  3-|-4-l-9-|- 20-1-2-3 
—  4  —  6)  as  in  the  author's  ophthalmoscope  (fig.  6)  is 
sufficient. 

The  best  instruments  are  arranged  on  the  plan  of 
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the  magazine  ophthalmoscopes  invented  by  Mr.  Couper, 
and  of  these  the  most  useful  and  popular  is  that  of  Mr. 
Stanford  Morton  (fig.  5). 

This  ophthalmoscope  consists  of  twenty-nine  sepa- 
rate concave  and  convex  lenses,  enclosed  in  an  endless 
groove,  and  propelled  by  a  driving-wheel  (a).  The 
driving-wheel  (a)  also  rotates  a  disc  (b),  on  which  is 
indicated  the  strength  of  the  lens  presenting  at  the  sight- 


hole  (c)  On  the  front  of  the  instrument  is  an  arrange- 
ment (D)  like  the  nosepiece  of  a  microscope,  carrying  at 
either  end  a  concave  mirror;  the  larger  (e),  ot  2o  cm. 
focus,  is  for  the  direct  distant  examination  (including 
retinoscopy)  and  the  indirect  method  ;  the  smaller  (h), 
of  8  cm.  focus,  fixed  at  an  angle  of  25  degrees  admits 
of  rotation  round  its  central  axis,  and  is  for  the  direc 
close  examination.  There  is  also  a  separate  disc  (i) 
containing  four  extra  lenses,  which  can  be  moved  over 
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the  sight-hole,  so  as  to  be  used  in  combination  with  the 
others.  If  the  observer  have  an  error  of  refraction,  it  is 
useful  to  place  a  lens  correcting  such  error  in  one  of  the 
holes  of  the  disc  (i). 

A  separate  large  biconvex  lens  of  13  dioptres  (3-inch 
focal  length),  called  the  objective  lens,  should  be  included 
in  every  ophthalmoscope  case. 

G-eneral  directions  for  examination  by  the 
ophthalmoscope. — In  all  the  following  descriptions 
it  is  assumed,  unless  otherwise  indicated,  that  the 
observer  is  looking  with  his  right  eye  at  the  right  eye 
of  the  patient,  and  holding  the  ophthalmoscope  in  his 
right  hand.  If  the  left  eye  is  to  be  examined,  the 
same  description  will  apply  by  merely  substituting  left 
for  right  in  the  text.  It  is  usual  to  examine  with  the 
ophthalmoscope  in  a  darkened  room.  The  patient  should 
be  seated  upright  in  a  chair,  and  should  be  cautioned  to 
keep  the  head  at  rest,  and  to  move  only  the  eyes  when 
directed,  and  not  the  head.  A  small  table  should  be 
placed  beside  the  patient  to  support  a  lamp,  but  it  is 
better  to  have  a  bracket  lamp  (gas  or  electric),  which 
can  be  moved  to  either  side  of,  or  above,  the  patient. 
A  candle  may  be  used,  but  the  small  size  and  unsteadi- 
ness of  the  flame  are  great  drawbacks.  The  observer 
sits  in  front,  and  preferably  a  httle  higher  than  the 
patient,  and  for  this  reason  a  music-stool,  which  can 
be  raised  or  depressed,  is  most  convenient.  It  is  im- 
possible for  a  beginner  to  follow  practically  the  instruc- 
tions given  below,  unless  the  patient's  pupil  is  dilated  by 
a  mydriatic  ;  if  not  under  atropine,  the  quickest  and  best  • 
'  The  best  form  of  application  is  by  means  of  separate  discs  of 
homatropine  (gr.  ^J-)  and  cocaine  (gr.  A  disc  of  liomatropine 

should  first  be  put  into  each  eye,  and  then  one  of  cocaine,  as  the  co- 
came  smarts  considerably.  A  two  per  cent,  solution  of  each-either 
watery  or  oily-of  these  drugs  may  be  used,  but  the  latter  is 
objectionable  from  its  rendering  the  cornea  blurred,  and  the  former 
is  washed  away  by  the  tears. 
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way  is  to  use  homatropine  and  cocaine  applied  twice  at 
intervals  of  ten  minutes. 

It  is  most  important  that  the  tension  of  every  eye 
should  be  estimated  before  the  pupil  is  dilated  by  a 
mydriatic. 

There  are  two  chief  methods  of  ophthalmoscopic 
examination.    1.  The  direct,  by  means  of  the  ophthalmo 
scope  alone.    2.  The  indirect,  by  the  ophthalmoscope 


Fig.  7.  The  Dhiect  Distant  Examination  with  the 

Ophthalmoscope 


supplemented  by  the  objective  lens  held  in  the  other 
hand. 

1.  The  direct  method  may  be  employed  in  two 
ways  :  The  distant  with  a  large  concave  mirror  of  10-iuch 
focus,  and  the  close  with,  preferably,  a  small  tilted  mirror 

of  short  focus. 

The  direct  distant  ophthalmoscopic  examina- 
tion.—The  light  should  be  above  and  a  httle  behind  the 
patient's  head,  so  that  the  face  is  thrown  into  shadow. 
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(Any  low  hat  with  a  brim  should  be  kept  on  the  head.) 
The  observer  must  be  seated  about  18  inches  (45  cm.) 
in  front  of  the  patient,  who  should  be  told  to  look 
past  the  head  of  the  observer  to  the  end  of  the  room. 
Holding  the  handle  in  his  right  hand,  he  raises  the 
ophthalmoscope  to  his  right  eye  in  such  a  way  that 
the  mirror  of  the  ophthalmoscope  is  vertical,  with  its 
reflecting  surface  towards  the  lamp,  and  its  upper  edge 
resting  against  the  superior  border  of  his  orbit.  He  then 
looks  through  the  sight-hole  in  the  direction  of  the 
patient's  face,  and  throws  the  reflected  light  from  the 
mirror  of  the  ophthalmoscope  first  on  one  eye  and  then 
on  the  other,  when  the  pupillary  apertures  ought  to  be 
seen  yellowish-red  in  colour  {red  reflex). 

The  observer  now  tells  the  patient  to  look  in  the 
direction  of,  and  beyond,  the  observer's  right  ear  or  raised 
up  right  little  finger,  when  the  red  reflex  will  appear 
lighter  in  colour,  owing  to  the  optic  disc  occupying  the 
field  of  vision.  Directing  the  patient  to  fix  the  sight- 
hole  of  the  ophthalmoscope,  the  red  reflex  assumes  a 
deeper  colour,  the  yellow  spot  region  having  taken  the 
place  of  the  optic  nerve. 

Hints  for  beg-inners. — It  is  advisable  for  the 
observer  to  close  his  left  eye  when  his  right  eye  is  being 
used,  and  vice  versa. 

To  overcome  the  difiiculty,  at  first  experienced,  of 
throwing  the  hght  from  the  ophthalmoscope  mirror  upon 
the  patient's  eye,  it  is  useful  for  the  observer  to  place  the 
hand  not  holding  the  ophthalmoscope  in  front  of  the 
patient's  eye,  and  to  throw  the  reflected  light  on  this 
hand.  Now,  removing  the  hand,  the  light  will  fall  upon 
the  eye.  Most  people  use  the  right  eye  for  choice,  but  it 
is  very  necessary  that  each  eye  should  be  used  in  turn. 
The  proper  way  is  that  the  right  eye  should  be  employed 
for  the  examination  of  the  patient's  right,  and  the  left 
eye  for  the  patient's  left  eye.     The  beginner  having 
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succeeded  in  obtaining  the  red  reflex,  it  is  necessary  for 
him  to  exercise  a  httle  patience,  and  to  persevere  m  the 
following  drill.    He  should,  looking  steadily  through  the 
si^ht-hole  of  the  ophthalmoscope,  keep  in  view  the  red 
reflex  whilst  executing  the  following  movements.  Fu'st, 
he  should  approach  and  withdraw  his  head  from  the 
patient  several  times;  next  he  should  move  his  own 
head  from  side  to  side  ;  then  he  must  rotate,  slowly  and 
by  small  movements,  the  mirror  of  the  ophthalmoscope 
from  side  to  side  and  from  above  downwards.  Lastly, 
the  observer's  head  being  stationary,  he  should  dnect  the 
patient  to  move  his  eye  from  side  to  side  and  from  above 

downwards.  .  -m     •  ^^ 

After  having  mastered  the  difficulty  of  illummatmg 
the  pupil,  be  should  instruct  the  patient  to  look  at  the 
sieht-hole  of  the  ophthalmoscope,  when  the  red  reflex 
will  become  intensified  owing  to  the  yellow  spot  region 
occupying  the  field.  The  patient  should  now  be  told  to 
look  in  the  direction  of  the  observer's  right  ear,  so  that 
the  patient's  right  eye  is  directed  a  httle  inwards ;  the 
red  reflex  will  appear  hghter  as  the  optic  disc  comes 

into_view.  .^^^  several  times  at  obtaining  the  red 

reflex  it  is  advisable  to  try  the  so-called  shadow  test, 
or  retinoscopy.    I^or  this  purpose,  the  observer^  sittmg 
3  feet  from  the  patient,  obtains  the  red  reflex.    He  then 
moves  thelarge  concave  ophthalmoscope  muTor  slowly  m  a 
horizontal  direction  from  side  to  side,  and  as  a  rule  should 
see  a  marked  shadow  moving  from  the  pupillary  border 
owards  the  centre  of  the  pupil.    This  shadow  eithe 
moves  with  or  against  the  direction  of  rotation  of  the 
mirror    If  the  shadow  takes  the  same  direction  as  the 
movement  of  the  mirror,  the  patient  is  myopic  ;  but  if  it 
moves  in  the  contrary  direction,  the  patient  is  generally 
hypermetropic,  though  he  may  be  myopic  to  the  amount 
of  1  dioptre,  or  emmetropic. 


EXAMINATION  BY  THE  OPHTHALMOSCOPE  19 


The  vertical  axis  of  the  eye  can  be  investigated  for  the 
shadow  test  in  the  same  manner,  but  the  mirror  of  the 
ophthahiioscope  must  be  rotated  from  above  downwards, 
or  below  upwards.  The  vertical  shadow  is  as  a  rule 
more  difficult  to  obtain  than  the  horizontal. 

A  fuller  description  of  retinoscopy  will  be  found  in  the 
chapter  on  Refraction. 

The  observer  should  now,  by  approaching  and  with- 
drawing his  head  from  the  patient,  try  if  he  can  see  the 
optic  disc  or  retinal  vessels. 

When  a  vessel  or  the  disc  is  seen,  the  observer,  fixing 
it,  should  move  his  head  from  side  to  side,  and  if  it 
moves  in  the  same  direction  as  his  head,  the  patient  is 
hypermetropic  ;  if,  on  the  other  hand,  it  moves  in  the 
opposite  direction,  the  patient  is  myopic.  If  only  the 
red  reflex  be  seen,  the  patient  is  emmetropic  or  slightly 
myopic. 

The  direct  distant  ophthalmoscopic  examination  affords 
important  information  as  to  the  condition  of  the  media  of 
the  eye.  . 

Thus,  any  opacities  of,  or  other  changes  in,  the 
.cornea,  may  be  detected  by  producing  irregular  shadows 
and  distortion  of  the  corneal  reflex.  These  are  often 
puzzling  cases  to  the  student,  and  must  be  also  investi- 
gated by  focal  illumination.  Further,  if  black  or  grey 
streaks  are  seen  in  the  pupillary  area,  and  the  cornea 
has  been  proved  to  be  clear,  such  objects  maybe  situated 
either  in  the  lens  or  in  the  vitreous.  The  patient  should 
be  told  to  move  slowly  his  eye  upwards,  downwards, 
inwards,  and  outwards  ;  if  these  opacities  move  in  the 
same  direction  as  the  eyeball,  they  are  situated  in  the 
lens  ;  on  the  other  hand,  if  they  float  about  and  con- 
tinue to  move  after  the  eye  is  at  rest,  they  are  in 
the  vitreous.  Occasionally  a  large  floating  body  in  the  - 
posterior  part  of  the  eyeball  may  be  a  detachment  of  the 
retina. 

c  2 
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The  direct  close  ophthalmoscopic  examina- 
tion.—The  lamp  must  be  moved  to  a  level  with,  and  a 
nttle  behind  the  patient's  right  eye,  about  3  inches  away 

from  the  head.  ^  t 

The  observer  holds  the  ophthalmoscope  m  front  oi  his 
rieht  eye,  using  the  small  tilted  mirror,  its  base  bemg 
towards  the  patient's  nose.  He  then  approaches  his  head 
to  the  right  of  the  patient,  keeping  his  own  head  parallel 
to  the  patient's,  so  that  his  (observer's)  right  eye  covers 


Fig.  8.— Direct  Close  Examination  with  the 
Ophthalmoscope 

the  patient's  right  eye,  and  his  nose  nearly  touches 
the  patient's  right  cheek.  It  is  very  important  tha 
this  movement  should  be  carefully  practised,  as  at  farst 
it  is  difficult  to  focus  the  hght  on  the  eye.  and 
at  the  same  time  to  keep  sufficiently  close  to  ensure 
good  and  extensive  illumination  of  the  fundus.  It  must 
be  remembered  that  both  the  patient  and  the  observer 
should  relax  their  accommodation.  The  observer  can 
only  achieve  this  by  practice  ;  but  the  patient  s  accom- 
modation should  be  relaxed  by  homatropme  and  cocame, 

or  atropine.  ,  ■ 

It  is  advisable  for  a  beginner,  even  if  emmetropic,  to 
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place  a  low  concave  -  2  D.  or  -  3  D.  glass  in  the  sight-hole 
in  order  to  relieve  him  of  the  necessity  of  relaxing  his 
accommodation,  and  this  glass  may,  by  practice,  be 
gi-adually  weakened  or  dispensed  with. 

To  examine  the  fundus,  the  observer  should  care- 
fully search  for  a  blood-vessel,  and  then,  by  tracing  it, 
the  optic  disc  will  be  found.  It  is  essential  to  remember 
that  in  order  to  investigate  the  optic  disc  the  patient 
should  be  told  to  direct  his  gaze  in  the  direction. of  the 
observer's  right  ear.  For  the  examination  of  the  yellow 
spot  the  patient  must  be  told  to  look  into  the  sight-hole 
of  the  ophthalmoscope,  and  by  directing  him  to  look 
upwards,  downwards,  inwards,  and  outwards,  the  details 
of  the  equator  and  periphery  may  be  seen.  It  must  be 
borne  in  mind  that  the  image  of  the  object  investigated 
moves  in  the  same  du-ection  as  the  ophthalmoscope 
mirror.  If  the  patient  have  an  error  of  refraction,  a  lens 
corresponding  to  such  defect  should  be  placed  behind 
the  sight-hole  of  the  mirror ;  and  if  the  observer  himself 
be  ametropic,  his  own  refraction  is  to  be  corrected  or 
allowed  for. 

The  refraction  of  a  patient  can  be  estimated  by  the 
observer  fixing  a  retinal  blood-vessel,  and  then  noting  the 
highest  convex  lens  in  hypermetropia  and  the  lowest  in 
myopia,  by  which  he  can  accurately  focus  this  vessel. 

The  vitreous  chamber  can  be  explored  by  means  of  a 
lens  of  +10D.  placed  in  the  sight-hole  of  the  ophthalmo- 
scope, but  it  is  well  in  examining  the  deeper  parts  of  the 
vitreous,  to  use  lenses  diminishing  from  +10D.  to  -\-lD. 

The  lens  may  be  investigated  anteriorly  by  a  -flS  D. 
lens,  and  posteriorly  by  the  same  lens  as  that  used  for 
looking  at  the  anterior  part  of  the  vitreous,  namely 
-MO  D. 

The  cornea  can  be  examined  by  a  -I-20D.  lens. 
In  a  normal  emmetropic  eye,  the  observer  by  the 
direct  close  examination  should  be  able  to  investigate  the 
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fundus  without  a  lens  in  the  sight-hole,  the  vitreous  and 
lens  with  4-10  D.,  and  the  cornea  and  anterior  chamber 
with  +20  D. 

Indirect  method  of  examination  by  the  oph- 
thalmoscope.—The  patient  is  seated  in  a  chair,  with  a 
lamp  (gas  or  electric)  a  little  above  and  behind  his  head. 
The  observer,  seating  himself  at  arm's  length  in  front  of 
the  patient,  with  his  right  hand  holding  the  ophthalmo- 
scope in  front  of  his  own  right  eye,  reflects  the  hght  from 
the  lamp  on  the  patient's  right  eye,  until  the  red  reflex 
is  seen.    He  then  takes  the  biconvex  objective  lens  of 


Fig.  9.— The  Indirect  Examination  with  the 
.  Ophthalmoscope 

13  dioptres  (3  inches)  focal  length,  between  the  thumb 
and  forefinger  of  his  left  hand,  and  holding  it  3  inches 
from  the  eye,  places  the  tips  of  his  second,  third,  and  fom'th 
fingers  on  the  brow  and  anterior  temporal  regions  of 
the  patient.  The  light  reflected  from  the  ophthalmoscope 
mirror  is  now  directed  through  the  objective  lens,  which 
is  shifted  about  until  the  red  reflex  is  well  obtained. 
The  observer  now  tries  to  focus  a  retinal  vessel  with  the 
lens,  and  after  obtaining  a  glimpse  of  a  vessel,  he  directs 
the  patient  to  fix  his  (the  observer's)  right  httle  finger, 
when  the  optic  disc  will  come  into  view  ;  this  should 
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be  carefully  investigated,  as,  from  the  contrast  in  colour 
to  the  rest  of  the  fundus,  it  is  the  easiest  to  examine. 
The  difficulty  experienced  in  focussing  the  details  of  the 
fundus  is  due  to  the  image  being  in  the  air,  and  about 
3  inches  on  the  observer's  side  of  the  lens.  A  beginner 
should  select  a  vessel  or  part  of  the  disc,  and  observe 
the  same  point  over  and  over  again,  until  he  can  bring 
out  its  details  clear  and  sharp.  The  yellow  spot  region 
may  be  seen  by  directing  the  patient  to  look  into  the 
sight-hole  of  the  ophthalmoscope,  and  the  rest  of  the 
fundus,  by  telling  the  patient  to  move  his  eye,  and  not 
his  head,  upwards,  downwards,  inwards,  and  outwards. 

It  is  to  be  understood  that  everything  seen  by  the 
indirect  examination  is  inverted ;  structures  observed 
apparently  above  are  really  situated  below,  and  those 
seen  to  the  nasal  side  belong  to  the  temporal  and 
vice  versa. 

Further,  the  image  of  the  object  looked  at  moves  in 
the  same  direction  as  the  objective  lens,  and  in  the 
opposite  direction  to  the  observer's  head. 

If  the  observer  wishes  to  see  an  object  in  the 
fundus  to  the  left  of  that  which  is  in  his  field  of  vision, 
he  must  move  the  lens  to  the  right  or  his  own  head 
to  the  left. 

A  great  trouble  to  be  overcome  by  the  beginner  is 
caused  by  the  reflection  of  the  mirror  on  the  cornea  and 
on  the  objective  lens.  These  images  are  often  mistaken 
at  first  for  the  optic  disc,  and  may  be  avoided  by  shghtly 
tilting  the  lens. 

Details  of  the  fundus  seen  by  the  ophthalmo- 
scope.— The  fundus  should  be  examined  first  by  the 
indirect  method,  as  by  it  a  more  comprehensive  view  is 
obtained,  owing  to  the  object  only  being  magnified 
about  five  times  ;  the  indirect  has  also  the  advantage  that 
the  observer  is  farther  from  the  patient,  and  that  correcting 
glasses  are  not  necessary.  The  examination  afterwards  by 
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the  direct  close  method  is  generally  advisable,  as  it  gives 
a  greater  magnification  (about  15  times)  and  enables 
minute  changes  to  be  investigated  more  completely.  It 
is  usual  in  describing  the  fundus  to  map  it  out  into 
certain  areas.  Firstly,  the  optic  disc  and  parts  imme- 
diately around  it ;  secondly,  the  yellow  spot  area  ;  thirdly, 
the  periphery,  or  the  most  remote  part  from  the  disc  that 
can  be  investigated  ;  and  fourthly,  the  equator,  or  portion 
between  the  immediate  surroundings  of  the  disc  and 
periphery. 

The  optic  disc  (Plate  I.  a) — The  optic  disc  must 
be  examined  for  its  colour,  shape,  surface,  centre,  peri- 
phery and  vessels.     The  normal  colour  of  the  disc  is 
pinkish-grey,  due  to  a  combination  of  causes  ;  it  is  a 
mixture  of  red  from  the  nutrient  vessels,  dense  dead 
white  from  the  connective  tissue,  and  yellowish-grey  from 
the  nerve  fibres.    The  colour  may  vary  from  pink  to 
violet  in  congestion,  and  from  pink  to  white  in  anaemia 
and  atrophy,  but  in  all  cases  depends  to  a  great  extent 
on  the  contrast  produced  by  the  colour  of  the  retina. 
The  shape  is  nearly  circular,  but  may  be  oval,  with  the 
greater  diameter  as  a  rule  vertical.    The  nasal  portion  of 
the  surface  of  the  disc  is  pinker  than  the  temporal,  owing 
to  the  presence  of  a  greater  number  of  capillaries,  and 
also  to  the  fact  that  the  nerve  fibres  are  not  so  numer- 
ous in  the  temporal  half.    The  nasal  half  can  usually  be 
separated  from  the  temporal  as  the  retinal  blood-vessels 
on  emerging  from  the  nerve  incHne  towards  the  nasal 
side.    Near  the  centre,  at  the  spot  where  the  vessels 
divide,  is  a  fight  depressed  part  of  the  disc  known  by 
the  name  of  the  physiological  cup.    At  the  bottom  of 
the  physiological  cup  may  be  seen  a  grey  network,  the 
lamina  cribrosa.     The  physiological  cup  (fig.  10,  A) 
is  funnel-shaped,  the  broad  part  of  the  funnel  bemg 
towards  the  surface  of  the  disc.    It  differs  greatly  m 
size  and  position,  and  though  generally  most  marked 
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Albuminuric  Retinitis. 
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near  the  middle,  from  contrast  of  colour,  it  may  extend  to 
the  temporal  border  of  the  scleral  ring.  The  nasal  side 
of  the  disc,  not  being  implicated  in  physiological  cupping, 
is  the  part  that  should  especially  be  investigated  for  a 
correct  estimation  of  the  true  colour  of  the  disc.  It  is 
often  very  difficult  to  distinguish  between  the  physio- 
logical cup  and  slight  pathological  cupping  of  the  nerve 
in  glaucoma.  In  glaucomatous  clipping  (fig.  10,  C)  the 
nasal  side  is  encroached  upon,  and  at  times  quite  obliter- 
ated, and  there  is  an  undermining  at  the  circumference 
of  the  disc,  so  that  the  vessels  are  seen  curling  round 
the  scleral  ring.  The  extent  of  the  glaucomatous  cup 
may  be  the  whole  disc,  and  is  generally  more  than  half, 


ABC 


Fig.  10. — Cuppings  of  the  Disc 
A,  physiological ;  B,  atrophic  ;  C,  glaucomatous 

whereas  the  physiological  cup  is  as  a  rule  under  one 
quarter  of  the  breadth  of  the  disc.  The  cupping  of  optic 
atrophy  (fig.  10,  B)  extends  over  the  whole  surface  of 
the  disc,  and  is  shallow,  the  centre  being  a  little  more 
depressed  than  the  edges.  The  vessels  bend  sHghtly,  the 
arteries  are  reduced  in  caHbre,  and  the  colour  of  the 
disc  is  white  or  bluish-white  Hke  skim  milk  (Plate  III.  b). 

In  any  excavation,  such  as  the  glaucomatous  or  phy- 
siological cup,  the  so-called  parallax  may  easily  be  ob- 
tained by  the  indirect  method.  This  is  seen  by  moving  the 
lens  from  side  to  side  or  from  above  downwards,  when 
the  whole  fundus  moves  in  the  same  direction  as  the  lens  ; 
at  the  same  time  the  floor  or  deeper  part  of  the  cup  moving 
more  slowly,  the  edge  and  superficial  parts  appear  to 
move  over  the  deeper  parts. 
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Swelling  of  the  disc  (Plate  III.  a)  is  accompanied  by 
indistinctness  of  its  outline,  and  can  be  diagnosed  from 
the  difference  in  height  '  of  the  disc  above  the  retina. 

The  periphery  or  margin  of  the  disc  is  usually  lighter 
in  colour,  and  is  known  as  the  scleral  or  connective  tissue 
ring.    It  is  generally  a  mere  ring,  but  in  some  cases, 
owing  to  the  choroidal  aperture  being  large,  the  nerve  may 
be  seen  surrounded  by  a  white  zone,  which  must  be  care- 
fully distinguished  from  a  myopic  crescent  (Plate  IV.  h). 
Black  pigment,  arranged  regularly  in  a  crescent  or 
circle,  is  often  found  on  the  outer  side  of  the  scleral 
ring,  and  is  the  pigmented  edge  of  the  choroidal  aperture. 
The'  scleral  border  of  the  disc  should  be  seen  distinctly 
in  health  ;  but  it  is  blurred  and  rendered  indistinct  in 
papillitis,  retinitis,  or  choroiditis.     In  glaucoma  (Plate 
IV.  a)  the  edge  of  the  disc  is  frequently  surrounded  by 
a  well-defined  scleral  ring,  resulting  from  atrophy  of  the 
choroid,  the  effect  of  pressure. 

The  blood-vessels  (fig.  11).— The  retinal  artery  emerges 
from  the  centre  of  the  disc  accompanied  by  its  vem, 
which  Hes  generally  to  the  inner  or  nasal  side.  At  its 
exit  it  divides  into  two  trunks,  known  as  the  superior 
and  inferior  retinal  arteries;  each  of  these  arteries 
bifurcates,  as  a  rule  on  the  disc,  one  branch  passing  to 
the  nasal,  and  the  other  to  the  temporal  side,  makmg  m 
all  four  chief  branches— a  superior  nasal  and  superior 
temporal,  an  inferior  nasal  and  an  inferior  temporal. 

•  The  height  of  an  elevated  spot  in  ihe  fundus  such  as  a  swoUen 
disc  can  be  measured  by  the  direct  close  ophthalmoscopic  examma- 
tion  in  the  following  manner.  The  number  of  the  strongest  convex 
lens  with  which  the  top  of  the  elevation  can  be  plainly  seen  is  noted, 
and  the  diiierence  between  this  lens  and  the  one  required  to  see  the 
rest  of  the  fundus  distinctly  is  taken  in  dioptres,  which  can  be 
rendered  into  miUimetres  by  allowing  three  dioptres  to  the  mm.  In 
a  similar  way,  a  depression  may  be  estimated  by  concave  lenses, 
with  this  difference  that  the  depth  must  be  measured  by  takmg  the 
number  of  the  weakest  lens  with  which  its  details  can  be  seen. 
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These  four  branches  subdivide  again  into  others,  which, 
becoming  smaller,  end  in  capillaries,  from  which  the 
blood  is  collected  in  veins  corresponding  to  the  arteries 
above  enumerated.  On  the  temporal  side  of  the  disc  are 
two  small  arteries,  branches  of  the  retinal  artery,  accom- 
panied by  veins,  which  are  distributed  to  the  region  of 
the  yellow  spot,  the  one  above  being  called  the  superior 
macular,  the  one  below  the  inferior  macular  artery.  On 
the  nasal  side  there  are  also  two  vessels— the  superior 
and  inferior  median. 


Fig.  11.— Eetinal  Vessels  (Dibect  Close  Ophthalmoscopic 
View;  Leet  Eye) 

^  h^^r:  7?^'?°''.  '^'^'^  '°^T°T  arteries;  S  T  A,  I  T  A,  superior  and  inferior 

temporal  arteries ;  S  N  A,  I  N  A,  superior  and  inferior  nasal  arteries;  S  M  A 
i  il  A,  superior  and  inferior  macular  arteries  ;  S  Med  A,  I  Med  A,  superior  and 
ill  the°same  waV"  ^"'"^  corresponding  to  the  arteries  ^re  designated 

The  retinal  arteries  are  distinguished  by  their  bright 
red  colour,  central  whitish  streak,  definite  edge,  and 
absence  of  pulsation.  They  also  differ^  as  a  rule,'  from 
the  veins  in  being  smaller,  less  tortuous,  and  in  occupying 
an  anterior  position.  The  retinal  veins  are  dark  red  or 
maroon,  and  are  uniform  in  colour ;  pulsation  is  frequently 
seen  in  them,  especially  near  the  disc.    Small  branches 
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from  the  posterior  ciUary  arteries,  especially  one  on  the 
temporal  side,  are  frequently  found  piercing  the  disc  and 
supplying  the  retina. 

The  retina  is  not,  as  a  rule,  visible  m  health  except 
at  the  yellow  spot.  In  hypermetropes  there  is  a  white 
sheen  about  the  vessels  (shot-silk  appearance)  known  as 
the  retinal  reflex.  Some  small  white  spots  may  often  be 
seen.  In  brunettes  the  fundus  is  dark  and  reddish-brown, 
owing  to  increase  of  the  retinal  pigment ;  and  in  very 
fak  individuals,  in  whom  the  retinal  pigment  is  scanty, 
the  network  of  choroidal  vessels  is  plainly  seen. 

The  ydloiu  spot  (Plate  I.  a)  is  situated  one  and  a 
half  disc's  breadth  to  the  temporal  side  of,  and  shghtly 
below  the  disc.  It  is  generally  oval,  without  visible 
vessels,  and  more  pigmented  than  the  rest  of  the  retina  ; 
in  the  centre,  a  small  bright  spot  can  genera.Uy  be  seen. 

The  choroid.— The  choroid,  by  means  of  its  close 
network  of  blood-vessels,  gives  the  red  colour  to  the 
fundus  (red  reflex).  The  faher  the  individual  the  smaUer 
the  amount  of  pigment,  and  therefore  the  clearer  the 
definition  of  the  choroidal  vessels.  The  vessels  of  the 
choroid  differ  from  those  of  the  retina  m  that  they  are 
lighter  in  colour  and  form  a  close  network  with  irregular 
spaces,  which  become  larger  towards  the  periphery. 


CHAPTER  III 


SUBJECTIVE  EXAMINATION  OF  THE  EYE 

Acuteness  of  Vision. — The  vision  of  each  eye 
should,  if  possible,  be  taken,  at  all  events  for  distance,  as 
this  is  a  most  important  point  to  note  for  future  reference 
and  comparison.  The  methods  for  estimating  vision  are 
various,  according  to  the  amount  of  sight  of  the  patient. 
It  is  usual  to  try  the  sight  at  first  by  means  of  test 
types,  but  it  must  be  borne  in  mind  that  in  the  examina- 
tion with  test  types  alone,  the  observer  is  to  a  great 
extent  at  the  mercy  of  the  patient's  answers;  and, 
therefore,  in  the  case  of  children,  illiterate  people,  and 
impostors,  such  examination  should  always  be  checked 
by  retinoscopy. 

Test  types  are  employed  for  estimating  vision  :  (1)  for 
distance ;  (2)  for  close  reading.  At  the  end  of  this  book 
will  be  found  examples  of  both  kinds  of  types,  arranged 
according  to  Snellen's  method — that  is,  each  letter  is 
estimated  at  the  distance  indicated,  under  an  angle  of 
5  minutes. 

Test  types  for  distance  ought  to  combine  the 
following  characteristics  :  the  letters  should  be  separate, 
large  Roman,  square,  black  on  a  white  ground,  easily 
distinguishable,  and  suitably  arranged  as  to  sequence. 
A  set  is  supplied  at  the  end  of  the  book,  and  the  following 
description  should  be  read  with  their  assistance.  The 
letters  are  numbered  according  to  the  distance  at  which 
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they  should  be  seen  accm-ately.  The  largest  type  (e) 
should  be  read  at  60  metres,  the  next  line  (b  t),  with  the 
same  degree  of  accuracy,  at  36,  and  the  other  lines  in 
like  manner,  according  to  the  numbering,  at  24,  18,  12,  9, 
and  6  metres. 

The  diagram  (fig.  12)  shows  that  lines,  and  also 
letters,  subtending  the  same  angle  (in  this  case  5') 
increase  in  size  according  to  the  distance  at  which  they 
are  measm:ed  from  o,  but  always  bear  the  same  ratio  to 
one  another.  Thus  a  seen  at  6  metres  would  correspond 
to  E  at  60  metres  or  b  at  24  metres ;  and  the  letter  e 


Fig.  12 

would  be  ten  times  the  size  of  a,  and  b  four  times  the 
size  of  A. 

It  is  customary,  in  using  the  distant  test  types,  to 
express  the  patient's  vision  as  a  vulgar  fraction,  of  which 
the  numerator  is  the  distance  at  which  the  tj^pe  can  be 
read,  and  the  denominator  the  number  corresponding  to 
the  type  seen  ;  thus  if  the  Hne  of  the  type  marked  6 
be  read  at  6  metres,  the  fraction  denoting  vision  will  be 

expressed  as  V.  =  {},  which  would  indicate  the  same 
acuity  as  the  largest  type,  60,  read  at  60  metres,  V.  = 
Owing  to  the  difficulty  of  obtaining  a  room  of  greater 
length  than  6  metres,  this  is  the  greatest  distance  at 
which  the  types  are,  as  a  rule,  tried. 

Test  types  for  close  reading-  (near  vision)  are 
arranged  so  that  each  size  should  be  read  at  the  distance 
marked  on  it.    In  Snellen's  type,  the  smallest,  '5,  should 
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be  read  at  50  cm.  (20  inches),  the  largest,  4,  at  4  metres 
(13  feet),  and  the  others  at  the  distances  indicated  in  the 
type. 

The  loire  optovieter  (fig.  13)  is  an  exceedingly  useful 
instrument  for  estimating  the  near  point,  and  is  employed 
by  measuring  the  shortest  distance  at 
which  the  wires  are  seen  distinctly  by 
each  eye  separately. 

To  test  for  distant  vision. — 
The  method  of  testing  distant  vision  is 
to  hang  the  distant  types  on  a  wall  in 
a  good  light,  and  to  place  the  patient  at 
6  metres  distance  from  them.  The  middle 
line  of  the  type  should  be  on  a  level  with 
the  patient's  eyes.  The  vision  of  one  eye 
only  is  tried  at  a  time,  the  other  being 
kept  carefully  obscured  by  a  fan  or  card 
held  before  it,  and  not  by  the  patient's 
hand,  as,  if  the  eye  be  pressed  upon,  the 
vision  is  obscured  for  some  short  time 
afterwards.  The  patient  is  now  instructed  to  read  the  type 
as  far  down  as  he  is  able ;  if  he  reads  the  last  line,  6,  at 
6  metres,  his  vision  formula  is  V.  =  f .  If  he  cannot  read 
the  line  marked  6,  but  can  read  the  one  above  it,  marked 
9,  V.  =  [},  and  in  the  same  way  f^,  y'v,  -i-^,  ^"L-,  bearing 
in  mind  that  the  denominator  of  the  fraction  representing 
the  patient's  vision  is  always  the  number  of  the  line  of 
smallest  letters  he  can  see. 

In  England,  formerly,  the  distance  at  which  the 
types  were  read  was  20  feet  and  its  multiples ;  thus 
V.  =  •g'V  would  have  been  denoted  by  and  V.  =  ^% 
'^y  f^-  On  the  Continent  the  vision  formula  is  repre- 
sented by  a  decimal  fraction,  thus  |  (f{y)=l,  i%  (|^)=-5, 
■bV  (•2Tnr)='l)  S'lid  the  rest  in  proportion. 

If  the  patient  cannot  read  the  largest  letter,  60,  at 
6  metres,  he  is  told  to  approach  the  test  types  until  he 
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can  do  so,  and  the  vision  is  denoted  7.%,       ^nr.  tht.  -bV. 
according  'as  he  reads  the  Hne  at  5,  4,  3,  2,  or  1  metre. 

Should  it  be  impossible  for  him  to  read  the  largest 
letter,  60,  at  1  metre,  the  finger  test  is  tried.    This  is 
obtained  by  the  observer  standing  in  front  of  the  patient 
and  holding  his  fingers,  preferably  before  a  black  ground 
as  the  coat,  and  measm-ing  the  greatest  distance  at  which 
the  fingers  can  be  counted.  This  is  noted  as  V.='  counts 
fingers  at  "5  metre,'  &c.    Should  the  patient  fail  to  count 
fingers,  the  hand  or  a  large  object  is  passed  before  the 
eye    and  he  is  asked  if  he  can  see  anything  movmg 
before  him  ;  if  so,  V.  =  '  perceives  large  objects.'  The 
final  test  is  obtained  by  throwing  hght  into  the  patient  s 
eye  by  means  of  the  mirror  of  the  ophthalmoscope  m  a 
dark  room,  and  asking  him  if  any  light  can  be  seen  ;  if 
he  sees  light,  V.  =  ' perception  of  light'  (p.l.),  but  1  he 
cannot  see  light,  V.  =  '  no  perception  of  hght   (no  p.L). 

To  test  for  near  vision.-The  patient  must  be 
placed  with  his  back  to  the  light,  in  order  that  the  test 
types  given  into  his  hand  may  be  well  illuminated  One 
eve  bdng  obscured  by  a  fan  or  card,  the  patient  is  directed 
to  read  the  smallest  type  he  can  at  his  own  distance  ; 
this  is  noted,  and  also  the  nearest  and  farthest  distances 
at  which  he  can  read  it  are  measured  in  centimetres 

The  type  for  close  reading  is  most  useful  m  cases  o 
moderate  and  high  myopia,  as  the  farthest  point  at 
"hichthe  smallest  type  can  be  read  is  the  —  of  the 
dec^ree  of  myopia.  Thus  '5,  seen  as  far  off  as  20  cm., 
would  indicate  5  dioptres  of  myopia.  These  types  are 
also  used  in  estimating  the  accommodation. 

Field  of  vision.-By  this  term  is  understood  the 
extent  or  superficial  area  in  which  white  or  coloured 
obiects  are  seen  by  one  or  both  eyes.  , 
°  '  to  estimate  the  field  of  vision  it  .s  custom  to 
test  each  eye  separately,  and  dunng  the  whole  of  the 
obse."tion'the  eye  under  examination  must  be  fixed 
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on  some  stationary  object,  which  is  known  as  the  fixation 
spot,  and  corresponds  to  the  central  (yellow  spot)  area  of 
vision. 

The  usual  procedure  in  examining  the  field  is,  first  to 
map  out  for  white  the  extreme  hmit  or  periphery ;  within 
this  limit,  unless  there  be  disease,  the  object  used  should 
be  distinctly  seen,  except  at  one  small  spot,  '  blind  spot,' 
corresponding  to  the  entrance  of  the  optic  nerve,  and 
situated  on  the  outer  side  of  and  a  little  below  the  fixation 
point.  The  word  scotoma  (o-.kotos,  darkness)  is  applied  to 
any  defect  within  the  area  of  the  field  of  vision  where  an 
object  is  not  plainly  seen.  A  scotoma  is  either  relative 
or  absolute.  A  relative  scotoma  is  one  in  which  there  is 
not  absolute  blindness,  but  the  acuteness  of  vision  and 
colom-  perception  are  diminished.  An  absolu  te  scotoma  is 
one  in  which  vision  for  objects  and  colours  is  quite  lost. 

The  peripheral  field  for  colours  may  be  mapped  out 
by  coloured  discs  ;  as  a  rule  the  coloured  fields  are  smaller 
than  the  white,  and,  as  in  the  diagram  (fig.  15),  the  fields 
diminish  in  the  following  order :  white,  blue,  red,  and 
green  the  smallest  of  all. 

It  must  be  remembered  that  the  field  is  markedly 
greatest  in  extent  towards  the  temporal  side  in  either  eye, 
the  Hmited  extent  in  the  other  directions  being  due  to 
physical  obstruction— that  is,  the  nasal  side  by  the 
nose,  the  superior  border  by  the  brow,  and  the  inferior 
by  the  cheek.  An  important  point  to  bear  in  mind 
in  mapping  out  a  field  of  vision  is  that  the  whole  field 
is  inverted  with  regard  to  the  retina.  Thus,  in  the 
field  of  vision  the  optic  nerve  area  is  situated  at  the 
temporal  side  of  the  fixation  point,  the  nasal  side  of 
the  field  corresponds  to  the  temporal  side  of  the  retina, 
the  superior  area  of  the  field  to  the  inferior  part  of  the 
retina,  and  so  on. 

Another  method  of  estimation  is  by  placing  the  patient 
about  2  feet  from  a  blackboard,  and  making  a  distinct 
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mark  near  the  centre  of  this  board  to  act  as  a  fixation 
point  The  patient  steadily  looking  at  the  mark  with 
one  eve  (the  other  being  covered  up),  a  piece  of  chalk,  a,s 
an  object,  is  moved  from  the  outer  limits  of  the  board  till 
the  patient  says  he  can  see  it,  and  a  mark  is  made  on 
the  board  at  this  spot  with  the  chalk.  This  observation 
being  repeated  several  times  at  different  points,  the 
peripheral  limit  of  the  field  is  mapped  out. 

Large  defects  in  the  field  may  be  found  out  roughly 
by  the  observer  moving  his  fingers  in  different  directions 


Fig.  14. — Pebimeter 

before  the  patient's  eye,  which  must  be  fixed  on  a 

TrpeHmtter,--The  usual  method  of  taking  the 
field  of  vision  is  by  a  perimeter.  There  are  several 
forms  of  the  instrument,  of  which  Priestley  Smith  s  and 
McHardy'B  are  the  best.  The  illustration  (fig.  U)  je- 
ptesents  the  former,  which  consists  of  a  stand  suppoi-iung 
Lo  uprights  A  and  B.    a  bears  a  wooden  pillar  with  a 


SUBJECTIVE  EXAMINATION  OF  THE  EYE 


35 


knob  (a)  at  the  top.  r  carries  a  quadrant  (q)  of  metal 
with  degrees  engraved  upon  it ;  this  quadrant  is  capable 
of  being  rotated  by  a  wooden  hand-wheel  (h)  attached 
to  the  axis.  In  front  of  the  axis  is  a  button  (x)  for  the 
patient  to  direct  his  gaze  at.  At  the  back  of  the  wooden 
hand-wheel  is  a  shde  for  placing  the  chart,  and  also  a 
horizontal  scale  (s)  with  divisions  corresponding  to  the 
circles  on  the  chart. 

The  patient  sits  down  at  a  table  with  the  instrument 
upon  it,  and  approaches  the  perimeter  so  that  the  knob  is 
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Fig.  15.— Perimetric  Chart  for  White,  Blue,  Red,  and  Green 

about  1|  inches  below  the  eye  to  be  examined  ;  the  other 
eye  is^  closed  by  a  light  bandage  or  patch.  The  patient 
now  fixes  the  ivory  button  (x)  in  the  centre  of  the 
axis  of  the  instrument.  The  quadrant  is  at  first  placed 
horizontally,  so  that  the  drawing  pin  on  the  hand- 
wheel  is  above,  and  a  perimeter  chart  is  slipped  into  its 
frame.  The  observer  stands  facing  the  patient,  and 
takes  in  his  hand  a  rod,  at  the  end  of  which  a  piece  of 
white  paper  10  mm.  square  is  fixed.    This  paper  is  moved 
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alons  the  inside  of  the  quadrant  (keeping  the  paper 
parallel  to  the  quadrant),  from  the  outer  extremity  in- 
wards  The  patient  is  instructed  to  raise  his  hand  directly 
he  sees  the  paper  approach,  and,  the  angle  being  read  off 
the  quadrant,  the  observer  pricks  the  chart  at  the  number 
on  the  scale  (s)  corresponding  to  tbe  angle  on  the  quad- 
rant   The  quadrant  is  then  turned  round  30°,  and  the 
observation  recorded  in  the  same  way,  and  so  on  until 
the  quadrant  arm  arrives  at  the  starting  point.  The 
chart  (fig.  15)  represents  a  normal  chart  for  white  and 
other  colours.   If  the  patient's  acuity  of  vision  is  so  much 
reduced  that  he  cannot  distinguish  a  small  piece  of  white 
paper  the  field  may  be  mapped  out  in  the  dark  room  by 
means  of  a  small  Hghted  taper  in  place  of  the  white  paper. 

A  rapid  and  easy  method  of  finding  any  defect  m 
central  vision  is  by  making  the  patient  fix,  with  one 
eye  the  observer's  finger  at  about  18  inches  distance,  the 
other  eye  being .  closed.    A  piece  of  card,  varying  fi'om 
1  mm  -10  mm.  square,  fixed  in  a  holder,  is  placed  m 
front  of  the  observer's  finger,  and  the  patient  asked  if  he 
can  see  it  •  it  is  then  moved  slowly  to  the  outer,  upper, 
inner,  and  lower  sides  of  the  fixation  point.    Eed  is  the 
best  colour  for  this  test,  as  it  is  the  least- easily  distm- 
gnishable  colour,  and  is  that  which  is  first  lost  m  toxic 
amblyopia,  by  far  the  most  common  cause  of  central 

defect  of  vision.  .     . .  i 

The  perimeter  is  also  useful  m  estimating  the  angle  ot 
squint  and  the  degree  of  excursion  and  incursion  of  the 
eyeball,  see  Chapter  XXI. 

CoLOUB  Vision 

To  test  for  colour  vision.— This  is  best  done  by 
means  of  coloured  wools  or  the  spectroscope.  Wools  are 
convenient,  as  they  can  be  obtained  in  a  great  variety  of 
tints,  are  easily  handled,  present  a  uniform  colour  when 
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looked  at  from  every  direction,  and  have  not  the  sheen 
that  printed  colours  possess.  Professor  Holmgren's 
method  is  generally  followed.  Two  test  skeins  are 
selected,  and  the  patient  is  required  to  pick  out  from  a 
heap  of  various  coloured  wools  any  that  match  the  test 
skeins.  The  first  test  is  a  very  pale  pure  green ; 
a  colour-blind  patient  will  match  with  it  green, 
yellow,  brown,  and  grey.  The  second  test  skein  is  a 
pink,  and  is  the  complementary  of  the  green  test ;  a 
colour-blind  patient  will  select  pink,  pale  blue,  mauve, 
and  violet. 

Another  method  is  by  instructing  the  patient  to  pick 
out  all  the  wools  of  a  certain  colour,  such  as  green  or 
red,  to  note  the  colours  he  selects,  and  to  watch  carefully 
for  any  hesitation  in  his  choice.  Daylight  is  the  best 
illumination,  but  artificial  light  makes  very  little  difference 
in  obtaining  the  correct  result.  The  examination  by  the 
spectroscope  ^  is  more  difficult,  and  should  only  be  used 
as  supplementary  to  the  wool  test. 

At  the  end  of  the  book  is  a  coloured  plate  copied  from 
Professor  Holmgren's  work,  and  a  description  of  it  is 
given  in  the  Appendix. 

Light  Sense 

To  test  for  lig-ht  sense,  or  power  of  distinguishing 
degrees  of  illumination,  different  forms  of  photometers 
have  been  invented.  Ghibret's  consists  of  a  brass  cylin- 
drical tube,  with  an  eye-piece  at  one  end,  and  at  the  other, 
two  equal  circular  discs,  which  can  be  illuminated  by 
directing  the  instrument  towards  the  source  of  light. 
By  a  mechanical  contrivance  one  of  the  discs  can  be 
darkened  gradually  according  to  a  scale  marked  on  the 
instrument. 

'  For  the  best  description  of  the  subject,  see  Captain  Abney's 
book  on  Colour  Vision. 


OPHTHALMIC  SURGERY  AND  MEDICINE 


In  examining  a  patient  the  two  discs  must  at  first  be 
equally  illuminated,  then  the  degree  on  the  scale  is  read 
olf  at  which  is  perceived  the  difference  by  obscuring 
gradually  one  disc,  and  this  is  called  the  light  difference. 

Another  way  is  to  start  with  one  disc  darkened,  and 
then  take  the  degree  on  the  scale  at  which  this  disc  is 
first  perceived  to  be  hghter;  this  is  called  the  light 
minimum. 
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CHAPTEE  IV 

DISEASES  OF  THE  CONJUNCTIVA 

Anatomy. — The  conjunctiva  is  a  mucous  membrane 
lining  the  inner  aspect  of  the  Hds  and  the  anterior  portion 
of  the  scleral  coat  of  the  eyeball.  These  two  portions  are 
called  respectively  the  palpebral  and  ocular  conjunctiva., 
are  in  health  freely  movable  over  one  another,  and  are 
kept  moist  by  the  secretion  of  the  lachrymal  gland.  When 
the  Uds  are  shut  the  conjunctiva  forms  a  closed  sac, 
communicating  by  means  of  the  puncta  with  the  nasal 
passages,  and  owing  to  this  communication  operation 
wounds  on  the  eyeball  are  with  difficulty  kept  aseptic. 

The  ocular  conjwictiva  is  continuous  by  its  epithelial 
hning  with  that  of  the  cornea :  this  accounts  for  the 
frequent  simultaneous  affection  of  the  cornea  and  the  con- 
junctiva. 

In  like  manner  the  palpebral  conjunctiva  is  continuous 
with  the  skin  of  the  lids,  and  hence  is  often  implicated  in 
disease  of  the  Hds,  especially  of  the  ciliary  border. 

.  The  ocular  conjunctiva  is  transparent,  the  sclerotic 
being  visible  tihrough  it  {white  of  the  eye).  A  few  blood- 
vessels, even  in  health,  can  usually  be  seen  in  the 
membrane,  and  move  with  it  if  pressure  be  applied.  It 
is  covered  by  stratified  epithehum,  contains  no  glands, 
and  is  freely  movable  over  the  sclerotic  except  near  the 
periphery  of  the  cornea,  where  it  is  firmly  bound  down 
and  known  as  the  limb  of  the  conjunctiva. 
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The  paliJebral  conjunctiva  is  continuous  with  the 
ocular  conjunctiva  at  the  fornix  or  cul-de-sac.    It  is  hned 
by  cylindrical  epithelium  and  contains  several  mucous 
glands,  especially  in  the  fornix  and  retrotarsal  fold  (see 
below).     The  portion  lining  the  tarsus  {tarsal  conjunc- 
tiva) is  more  firmly  attached  than  the  rest   of  the 
palpebral  conjunctiva;  it  is  smoother,  contains  fewer 
glands,  and  varies  in  colour  from  whitish  yeUow  to  pale 
pink     At  the  posterior  border  of  the  tarsal  cartilage  the 
conjunctiva  is  less  firmly  bound  dow^  and  is  thrown 
into  horizontal  folds  {retrotarsal  folds).    The  lymphoid 
tissue  is  more  developed  in  this  portion,  which  frequently 
presents,  even  in  health,  numerous  small  elevations  or 
folhcles     The  vascular  supply  of  the  conjunctiva  is  from 
the  posterior  cihary  vessels,  except  near  the  cornea  where 
branches  of  the  anterior  ciliary  supply  it.    The  nerves  are 
derived  from  the  fifth  cranial  nerve. 

Hypersemia  of  the  conjunctiva  is  characterised 
by  congestion  of  the  posterior  conjunctival  vessels,  and  is 
often  difficult  to  distinguish  from  conjunctival  mflamma- 
tions,  resembling  them  in  the  subjective  ocular  symptoms 
of  a  feehng  of  grittiness  and  general  discomfort,  but 
differing  in  the  absence  of  conjunctival  discharge.    It  is 
occasioned  by  exposure  to  irritants,  as  dust  tobacco 
smoke  (especially  cigarettes),  cold  winds,  salt  water, 
and  glare  such  as  electric  light  and  snow.    The  con- 
dition is   also  met  with  in  cases  of  refraction  error, 
insufficiency  of  convergence  power,  chronic  alcohohsm, 
gout,  and  in  the  early  stages  of  zymotic  diseases.  In 
long-standing  cases  the  dilatation  of  the  vessels  becomes 
permanent,  giving  rise  to  the  bloodshot  eye.    The  treat- 
ment consists  in  removal  of  the  exciting  cause. 

CONJUNCTIVITIS.-The  conjunctiva  being  a  mucous 
membrane,  is  subject,  like  other  mucous  surfaces,  such 
as  the  urethra,  nose,  and  pharynx,  to  mucopurulent, 
purulent,  membranous,  and  granular  inflammations.  J3y 
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development  it  is  an  epidermal  structure,  which  accounts 
for  the  frequent  occurrence  of  papules,  usually  called 
phlyctenules. 

Inflammation  of  the  conjunctiva,  here  called  con- 
junctivitis, is  often  described  as  '  oplithahnia,'  which 
however  is  misleading,  as  the  term  is  apphed  to  other 
diseases  of  the  eye  such  as  sympathetic  ophthalmia. 

Conjunctivitis  is  generally  accompanied  by  the 
following  symptoms  and  signs  :  a  feeling  of  grittiness, 
heat,  and  heaviness  of  the  Hds ;  the  lids  stick  together 
during  sleep,  and  there  is  injection  of  the  posterior  con- 
junctival vessels,  accompanied  by  a  discharge  from  the 
eye.  It  may  be  divided  into  the  following  varieties  : 
mucopurulent,  purulent,  membranous,  foUicular,  granular, 
and  phlyctenular. 

mucopurulent  (catarrhal)  conjunctivitis  is 
perhaps  the  most  common  of  all  eye  diseases,  and  is 
characterised,  as  its  name  implies,  by  a  discharge  from 
the  conjunctiva  of  mucus,  generally  mixed  with  pus  cells. 
Prom  the  variety  of  its  causes,  this  disease  is  found 
affecting  persons  of  every  age  and  nationality.  It  attacks 
both  eyes  as  a  rule,  though  there  is  usually  an  interval 
of  a  few  hours  or  even  days  before  the  second  eye  is 
impHcated.  It  occurs  occasionally  in  epidemics,  when  it 
is  contagious ;  it  is  prevalent  at  certain  times  of  the  year 
as  in  the  spring,  and  varies  greatly  in  severity. 

Symptoms. — In  a  slight  case,  the  patient  complains 
of  a  smarting  pain  associated  with  a  feeling  of  grittiness 
like  sand  in  the  eye,  an  uncomfortable  feeling  of  stiff- 
ness of  the  lids  which  stick  together  dm^ing  sleep, 
and  lachrymation.  Occasionally  there  are  temporary 
obscurations  of  vision  and  halos  round  lights,  due  to 
secretion  in  front  of  the  cornea ;  these,  however,  disappear 
for  a  time  on  rubbing  the  eye.  The  conjunctiva  is  in  a 
state  of  slight  general  congestion ;  there  is  some  discharge 
containing  flakes  of  lymph  to  be  found,  as  a  rule,  about 
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the  inner  canthiis.    In  the  more  severe  cases,  which  are 
generally  epidemic  in  character,  the  usual  symptoms,  as 
heaviness  of  the  lids,  lachrymation,  and  grittiness,  are 
exaggerated.    The  lids  with  their  cihary  margins  are 
swollen  and  congested.     The  palpebral  conjunctiva  is 
reddened  and  swollen,  the  ocular  conjunctiva  oedematous, 
the  posterior  conjunctival  vessels  much  congested,  and 
small  reddish  patches  resulting  from  hemorrhages  are 
generally  present.    The  colour  of  the  congestion  may  be 
described  as  brick-red  or  scarlet.    The  discharge  is  at 
first  serous  containing  mucus,  and  afterwards  muco- 
purulent, and  may  be  very  profuse.    In  a  few  adult  cases 
the  symptoms  are  so  acute  that  it  is  at  first  difficult  to 
distinguish  them  from  those  of  purulent  conjunctivitis. 
In  these  most  severe  cases,  the  lids  are  so  swollen  that 
the  patient  cannot  voluntarily  open  his  eye,  and  on 
separating  the  eyehds  a  profuse  thick  mucopurulent  dis- 
charge comes  away.    The  ocular  conjunctiva  is  thickened, 
vascular,  and  chemosed,  with  extravasation  of  blood  in 
its  substance,  and  the  palpebral  conjunctiva  is  congested 
and  velvety  in  appearance,  with  flakes  of  lymph  upon  it. 
These  flakes  sometimes  assume  the  form  of  a  peUicle 
which  strips  off  easily. 

Go2crse.—OYdmsiTY  acute  cases  ought  to  be  cured  in  a 
week,  but  if  left  to  themselves  may  last  from  two  to  three 
weeks  and  afterwards  assume  a  chronic  form. 

Complications  are  rare,  and  include  cihary  blepharitis 
and  corneal  ulcers;  the  latter  are  generally  of  the 
phlyctenular  form  and  situated  at  the  corneal  margin. 

In  children,  phlyctenules  of  the  conjunctiva  are  often 
met  with  in  mucopurvilent  conjunctivitis. 

Prognosis.— It  is  very  rare,  even  in  the  most  severe 
forms,  for  any  permanent  damage  to  result. 

Causation.-Being  associated  as  a  rule  with  a  specific 
organism,  the  disease  is  generally  acquhed  by  contagion 
and  is  air-borne.  It  is  therefore  met  with  in  people  living 
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under  the  same  bad  hygienic  and  atmospheric  surround- 
ings, such  as  overcrowded  dwelhng-houses,  industrial 
schools,  and  insanitary  camps.  In  London  a  change  of 
wind,  especially  in  the  spring,  will  crowd  an  out-patient 
department  with  cases  of  this  disease,  which  as  quickly 
disappears  with  alteration  of  the  weather.  Cases  of  old 
gi-anular  lids  are  peculiarly  susceptible,  and  patients 
having  once  suffered  from  any  form  of  mucopurulent 
conjunctivitis  seem  to  be  liable  to  a  recurrence.  Irritating 
fumes  such  as  ammonia,  the  local  application  of  atropine 
and  eserine,  or  foreign  bodies,  may  be  exciting  causes. 
Chronic  cases  are  often  aggravated  by  constitutional 
causes,  such  as  gout  and  dyspepsia,  and  above  all  by 
errors  of  refraction  and  convergence  power.  The  disease 
may  be  secondary  to  inflammation  of  the  nose  and 
lachrymal  passages,  affections  of  the  eyelids  as  en- 
tropion and  ectropion,  and  it  also  occurs  in  the  course 
of  the  exanthemata,  especially  measles  and  influenza. 

Treatment.  Local.— In  cases  associated  with  a  good 
deal  of  discharge,  the  eye  should  be  kept  free  from  this 
by  bathing  with  weak  antiseptic  lotions,  as  boracic 
acid  (P.  24),  salicylic  acid  (F.  30),  perchloride  of  mer- 
cury (F.  34),  nitrate  of  silver  (F.  35).  An  efficient 
and  easy  way  to  apply  these  lotions  is  by  soaking  a 
pledget  of  absorbent  cotton-wool  in  the  solution.  The 
wet  wool  is  held  over  the  inner  canthus  (the  patient 
preferably  lying  down  and  keeping  the  eye  open)  and 
allowed  to  drip  in  a  continuous  stream  on  the  eye. 
This  should  be  done  three  or  four  ti.mes  a  day.  All 
discharge  and  dried  secretion  should  be  washed  away, 
and  a  simple  ointment  applied  to  the  margin  of  the 
lower  hd  inside  the  eyelashes  with  a  camel's-hair 
brush,  or  with  the  clean  finger,  especially  at  night  to 
prevent  the  lids  sticking  together  during  sleep  and  thus 
causing  retention  of  secretion.  In  subacute  and  chronic 
cases  it  is  advisable  to  use  astringent  drops,  as  sulphate 
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of  zinc  (F.  17),  sulphate  of  copper  (F.  22),  or  alum 
(F.  20).  Before  applying  the  drops,  any  discharge 
should  be  washed  away  by  one  of  the  above  lotions, 
and  care  taken  that  the  drops  are  applied  between  the 
open  lids. 

In  some  chronic  cases  local  apphcations  to  the  sur- 
face of  the  conjunctiva  must  be  made  by  the  surgeon, 
who  should  stand  behind  the  patient  (sitting  in  a  chair) 
and  evert  the  upper  and  lower  Hds  so  that  the  palpebral 
coniunctiviB  of  both  hds  form   a   continuous  surface 
covering  the  eyeball.    He  then  paints  the  conjunctival 
surface  with  a  solution  of  silver  nitrate  (gr.  x-^j)  or 
rubs  it  with  mitigated  nitrate  of  silver  stick  (F.  45)  or 
a  crystal  of  copper  sulphate.    After  such  apphcation  the 
surface  must  be  washed  with  water,  to  which,  in  the 
case  of  silver  nitrate,  a  little  salt  should  be  added,  so 
as  to  form  the  chloride  of  silver.     These  apphcations 
should,  as  a  rule,  be  used  only  once  or  twice  a  week. 
Lead  lotion  (F.  23)  was  at  one  time  much  employed, 
but  has  fallen  into  disrepute  owing  to  the  fact  that  lead 
forms  a  white  deposit  if  the  cornea  is  ulcerated.  Alum 
is  also  dangerous  if  the  cornea  be  affected,  as  it  loosens 
the  corneal  cells  and  produces  ulceration 

In  chronic  cases  the  refraction  should  be  tested,  as 
hypermetropia  and  astigmatism  may  produce  or  at  ail 
events  aggravate,  the  condition.  Bandages  and  poultices 
must  on  no  account  be  used.  Care  must  be  taken  to 
remove  all  sources  of  irritation,  as  foreign  bodies,  strong 
hght  or  smoke  ;  and  further,  the  condition  of  the 
lachrymal  passages  should  be  examined.    Dark  glasses 

are  useful  at  times.  ^^„^■^A 
General.^The  general  health  must  not  be  neglected, 
especially  as  regards  digestive  trouble  and  gout  m  chronic 
cases  The  patient  should  not  be  confined  to  the  house 
unless  absolutely  necessary,  but  ought  to  wear  a  shade 
over  his  eyes  when  out  of  doors. 
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Patients  must  be  warned  of  the  contagious  nature  of 
the  disease,  and  avoid  using  the  towels  and  washing 
appliances  of  other  people. 

Purulent  conjunctivitis  is  an  acute  affection, 
characterised  by  the  severity  and  rapidity  of  the  onset, 
and,  as  its  name  implies,  is  accompanied  by  the  discharge 
of  pus.  It  is  extremely  contagious,  and  is  microbic  in 
origin,  the  specific  organism  in  every  case  I  have  examined 
lately  being  the  gonococcus.  The  disease  may  be  con- 
veniently divided  for  cHnical  purposes  into  two  classes, 
adult  and  infantile. 

Adult  purulent  conjunctivitis  {gonorrheal  oph- 
thalmia) is  the  more  serious  affection,  and  is  due  to  actual 
contagion  with  the  virus  of  gonorrhoea.  The  period  of 
incubation  may  be  from  a  few  hours  to  three  days. 

In  almost  all  cases  the  disease  affects  one  eye  only ; 
this  is  due  probably  to  the  fact  that  the  second  eye  is 
generally  protected  by  a  Buller's  shield  in  time. 

The  first  stage  of  the  disease,  lasting  only  a  few 
hours,  resembles  that  of  a  severe  attack  of  muco- 
purulent conjunctivitis,  and  is  characterised  by  stiffness 
of  the  lid,  smarting  pain,  and  lachrymation.  These 
symptoms  are  quickly  followed  by  redness,  swelling,  and 
CEdema  of  the  hds,  especially  the  ixpper  one,  which  is 
generally  more  swollen  than,  and  often  overlaps  the  lower. 
The  ocular  conjunctiva,  at  first  scarlet  and  congested, 
becomes  swollen  and  infiltrated  with  serum  (chemosis) ; 
the  discharge  is  serous  and  sometimes  blood-stained. 

The  second  or  purulent  stage  is  ushered'  in  by  a 
profuse  purulent  discharge;  the  hds  become  still  more 
swollen,  so  that  it  is  with  difficulty  they  can  be  opened, 
and  eversion  of  the  upper  lid  is  often  impossible.  On 
separating  the  Hds,  the  conjunctiva  is  seen  to  be  generally 
swollen,  and  the  ocular  portion  protrudes  as  a  red  mass 
through  the  palpebral  aperture. 

Examination  of  the  eyeball  in  such  cases  must  be  very 
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carefully  carried  out,  as  abrasion  of  the  corneal  epithelium, 
and  even  rupture  of  the  cornea,  has  followed  forcible  and 
careless  opening  of  the  lids.  If  the  palpebral  conjunctiva 
can  be  seen  it  is  also  found  to  be  much  congested, 
reddened,  and  thrown  into  horizontal  folds  with  pus  lying 
in  the  sulci.  The  ocular  conjunctiva  becomes  more 
swollen  till  it  is  raised  above  the  corneal  surface,  and  is  of 
a  greyish  colour. 

If  untreated  the  purulent  stage  lasts  about  six  weeks, 
and  is  followed  by  mucopurulent  conjunctivitis  and  a 
aranular  condition  of  tha  lids  ;  but  if  treated  successfully 
it  may  subside  in  about  a  fortnight.  When  the  swelling 
of  the  conjunctiva  is  very  intense,  ulceration  of  the  cornea 
occurs  as  a  rule  near  the  periphery. 

The  preauricular  lymphatic  glands  are  usually  swollen 
and  tender. 

The  complication  most  often  seen  is  corneal  ulceration 
due  to  cutting  off  by  the  swollen  conjunctiva  of  the 
nutritive  supply  of  the  cornea,  or  co  spreading  of  the 
septic  material  in  the  corneal  tissue.  The  ulcer  is 
generally  a  marginal  one,  preceded  by  a  dry,  hazy  con- 
dition of  the  cornea. 

Such  ulcers,  owing  to  the  lowered  vitahty  of  the 
cornea,  tend  to  increase  in  depth,  and  often  perforate,  giving 
rise  to  prolapse  of  the  Ms.  This  is  foUowed  by  septic 
iritis,  and  may  result  in  panophthalmitis,  with  subsequent 
shrinking  of  the  eyeball ;  corneal  staphyloma  with  great 
impairment  of  vision  may  also  occur.  The  earher  the 
corneal  ulceration  appears,  the  more  serious  are  its 
results. 

Treatment  must  always  be  energetically  and  care- 
fully carried  out,  as  in  neglected  cases  the  eye  is 
destroyed  in  a  few  days.  The  patient  must  first  be  put 
to  bed,  and  a  BuUer's  shield  fixed  over  the  unaffected  eye. 
This  shield  consists  of  a  watch-glass  laid  between  two 
layers  of  strapping,  in  each  of  which  a  central  circular 
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opening  is  cut.    The  posterior  layer,  which  is  smaller  than 
the  anterior,  adheres  to  the  latter,  and  to  the  concave 
margin  of  the  watch-glass,  while  that  part  of  the  anterior 
layer  which  extends  beyond  the  margins  of  the  posterior, 
adheres  to  the  skin  of  the  brow,  temple,  cheek,  and  side  of 
the  nose,  the  centre  of  the  watch-glass  Ij'ing  over  the  eye. 
At  the  temporal  side  of  the  orbit  an  opening  is  left  for 
ventilation.   The  indications  for  treatment  are,  in  the  first 
place,  to  allay  the  inflammation  and  get  rid  of  the  discharge. 
The  inflammation  is  best  combated  by  iced  cold  appli- 
cations;  a  convenient  method  of  applying  these  is  by 
means  of  Leiter's  tubes  or  ice  pads.     The  eye  must 
be  washed  free  from  discharge  by  absorbent  cotton- 
wool soaked  in  any  of  the  following  lotions :  bo.racic 
(F.  24),  Condy  (P.  33),  weak  nitrate  of  silver  (F.  35), 
perchloride  of  mercury  (F.  34),  once  every  hour.  It 
must  be  remembered  that,  as  these  cases  always  occur  in 
individuals  broken  dovm  in  health,  time  should  be  allowed 
for  sleep,  and  that  the  washings  must  therefore  be  less 
frequent  at  night.    If  possible,  the  inner  surfaces  of  the 
lids  should  be  painted  with  strong  nitrate  of  silver  solu- 
tion (gr.  x-gj)  once  daily.    Ulceration  of  the  cornea  may 
be  treated  by  the  actual  cautery,  and  iodoform.    If  there 
be  much  swelhng  of  the  lids,  the  external  canthi  can 
be  divided  by  scissors. 

As  this  disease  is  due  to  inoculation,  all  patients 
suffering  from  gonorrhoea  should  be  warned  of  the  risks 
they  run  in  conveying  the  contagion  to  the  eye  by  the 
fingers  or  by  towels. 

Infantile  purulent  conjunctivitis  {ophthalmia 
neooiatorum)  occurs  in  new-born  children,  and  the 
symptoms  show  themselves,  as  a  rule,  on  the  third  day 
after  birth.  It  affects  generally  both  eyes,  and  is  due  to 
inoculation  from  the  vaginal  discharges  of  the  mother. 
It  is  microbic  in  origin,  and  the  gonococcus  is  found  in 
the  discharge  from  the  eye.    The  sequel®  of  this  disease 
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are  so  disastrous  that  owing  to  them  '  30  per  cent,  of  all- 
blind  people  ill  the  United  Kingdom  have  lost  their  sight. 
The  simvtovis  are  simHar,  but  not,  as  a  rule,  so  severe  as 
in  the  adult  form.    The  Hds  are  swollen,  red  or  blmsh- 
red  in  colom-,  and  their  cihary  margins  are  glued  together 
by  discharge.    On  opening  the  lids  the  palpel)ral  fissure 
becomes  fiUed  with  pus,  obscuring  aU  view  of  the  eye ; 
when  this  is  wiped  away,  fresh  pus  wells  up,  and  must 
be  washed  off  until  the  cornea  and  conjunctival  surfaces 
can  be  seen.   The  palpebral  conjunctive  are  red,  granular- 
looking,  and  tend  to  protrude  and  fill  up  the  palpebral 
aperture  tmless  care  be  taken  to  prevent  this  eversion 
of  the  lids.     Occasionally  in  infantile  purulent  con- 
iunctivitis  a  membranous  peUicle,  due  to  coagulation 
of  the  discharge,  is  formed  on  the  palpebral  conjunctiva. 
The  ocular  conjunctiva  is  less  swollen  and  chemosed 
than  in  the  adult  form;  the  cornea  is  not  so  hkely  to 
become  involved,  nor  the  eye  to  be  destroyed,  if  the  disease 

be  properly  treated.  . 

There  are,  however,  some  cases  in  which,  owing  to 
the  general  health  of  the  infant,  treatment  has  no  effect 
in  averting  the  disastrous  results. 

The  chief  complications  are  corneal  ulcers,  leukoma 
adherens,  iritis,  anterior  polar  cataract,  and  panoph- 
thalmitis followed  by  shrinking  of  the  globe.  Certam 
affections  of  the  Hds,  as  ectropion  and  entropion,  may 
occur,  and  probably  result  often  from  the  too  free  use  of 
caustics.  Later  comphcations  are  anterior  staphyloma, 
nystagmus,  and  squint. 

'  TheOphthalmological  Society,  recognising  the  gi-eat  importance 
of  eaX  and  efficient  tilatment  in  this  disease,  memonahsed  xn  vain 
fhe  Local  Government  Board  to  issue  to  every  one  registermg  a  biith 

S  foUowTng  instruction:  'If  the  child's  eyes  become  i;el  and 
swollen  or  begin  to  run  with  matter  within  a  fey  days  after  bath,  t 

s  to      taken'  without  a  day's  ^^^lay,  to  a  docto.    The  dise^^^^ 
very  dangerous  and,  if  not  at  once  treated,  may  destroy  the  sight  ot 
both  eyes.'— Trans.  Ophth.  Soc.  vol.  v.  37. 
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Treatment.  Local. — In  these  cases  Buller's  shields, 
Leiter's  tubes,  and  iced  compresses  cannot  be  used  owing 
to  the  delicacy  of  the  structures.  The  eyes  must  be 
washed  every  two  hours  with  antiseptic  lotions,  as 
boracic  acid  (P.  24),  alternating  with  Condy  (P.  33) 
and  nitrate  of  silver  drops  (P.  21).  It  is  very  necessary 
for  the  child's  health  that  it  should  sleep  well,  and 
therefore  the  washing  out  should  not  be  persisted  in  too 
often  at  night  unless  absolutely  necessary. 

The  lids  ought  to  be  everted  and  painted  once  every 
other  day  with  nitrate  of  silver  solution  (gr.  x-gj).  But 
it  must  be  borne  in  mind  that  the  mucous  membrane  in 
such  young  children  is  very  delicate,  and  too  zealous 
cauterisation  will  result  in  cicatrisation  and  subsequent 
entropion  or  ectropion.  In  order  to  prevent  the  dis- 
charge accumulating,  a  httle  ointment,  such  as  zinc, 
should  be  placed  along  the  ciliary  edge  of  the  lids  at 
night  to  prevent  them  from  sticking  together. 

The  lids  can  generally  be  opened  by  the  fingers,  and 
retractors  should  be  used  as  seldom  as  possible,  owing 
to  the  danger  of  abrading  the  cornea,  and  thus  produc- 
ing a  focus  for  infection.  This  disease,  in  many  cases, 
can  be  traced  to  the  fact  that  the  eyes  have  not  been 
washed  with  an  antiseptic  solution  at  birth.  Many 
instances  are  known  in  which,  owing  to  the  ignorance 
of  midwives  and  a  widely  spread  superstition,  the 
eyes  have  been  first  washed  with  the  mother's  urine.  In 
every  case  of  childbirth,  the  eyes  of  the  child  should 
be  bathed  at  once  with  an  antiseptic  lotion,  and  a 
solution  of  nitrate  of  silver  (P.  35)  is  the  most  efficient. 
The  few  instances  1  have  seen,  after  this  preventive 
treatment  has  been  carried  out,  have  been  abortive  cases, 
generally  appearing  about  the  ninth  day.  The  adminis- 
tration of  vaginal  douches  before  the  onset  of  labour 
acts  as  a  further  precaution. 

General— It  must  be  remembered  that  the  general 
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health  of  the  infant  should  be  carefully  attended  to, 
especially  with  regard  to  hygienic  measures. 

Membranous  conjunctivitis  includes  all  those 
cases  of  inflammation  of  the  conjunctiva  associated  with 
the  presence  of  membranous  exudation.  They  may  be 
divided  into  two  classes:  DiiMherial,  associated  with 
general  diphtherial  infection  and  the  presence  of  Loeffler's 
bacillus  ;  Non-cUphtherial,  consisting  of  cases  without 
evidence  of  diphtheria,  chiefly  due  to  the  local  action  of 
caustics,  scalds,  burns,  and  drugs  (jequirity). 

Diphtherial  membranous  conjunctivitis  may 
exist  in  varying  degrees  of  severity ;  the  severe  form  first 
described  by  Von  Graefe  is  rarely  seen  in  England. 

In  such  cases  the  symptoms  are  great  pain,  swell- 
ing, stiffness,  and  brawniness  of  the  lids,  and  at  first 
some  serous  discharge  from  the  eye,  with  swelling  and 
chemosis  (xm  gaping  like  an  oyster)  of  the  ociilar 
conjunctiva.    It  is  as  a  rule  impossible  to  evert  the  hds, 
but  if  this  can  be  done,  greyish  patches  are  found  which 
tend  to  coalesce  and  involve  the  whole  surface  of  the 
palpebral  conjunctiva.    The  membrane  involves  the  sub- 
conjunctival tissue,  leading  to  necrosis  of  the  parts 
imphcated,  and  the  slough  so  formed  gradually  separates 
and  exposes  a  granular  surface  discharging  pus.  The 
vievibranous  stage  usuaUy  lasts  from  six  to  ten  days,  and 
is  followed  by  acute  mucopurulent  conjunctivitis.  The 
sequela  of  the  disease  are  very  serious,  and  generally  lead 
to  destruction  of  the  eye  from  deep  corneal  ulceration 
with  consequent  perforation,  or  even  panophthalmitis. 
The  hds  are  also  aifected  by  cicatrisation.    In  less  severe 
cases,  the  membrane  does  not  imphcate  so  deeply  the 
subconjunctival  tissue,  and  recovery  may  take  place 
without  any  affection  of  the  cornea  having  occurred,  and 
without  leaving  any  permanent  damage  to  the  hds. 

'  See  Trans  OpMli.  Soc.  vol.  xv.  p.  55. 
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Non-diphtherial  membranous  conjunctivitis 

is  chiefly  due  to  injury  of  the  conjiinctiva  by  molten 
metal  as  lead,  alkalis,  acids,  scalds,  burns,  fumes  of 
gases  as  ammonia,  and  di'ugs  as  jequirity  and  silver 
nitrate.  Occasionally  a  distinct  membrane  is  found, 
especially  on  the  upper  hd,  in  a  few  cases  of  purulent  or 
mucopurulent  conjunctivitis.  The  membrane  in  these 
cases  does  not  affect  very  deeply  the  subconjunctival 
tissue,  and,  as  a  rule,  can  be  stripped  off  with  comparative 
ease,  leaving  a  raw  bleeding  surface.  The  great  danger, 
in  traumatic  cases,  is  the  tendency  to  the  formation  of 
adhesions  between  the  palpebral  conjunctiva  and  the 
ocular  conjunctiva  or  cornea,  known  as  symhlepharon. 
The  membrane,  after  being  shed,  may  form  again,  and 
some  cases  have  been  recorded  in  which  this  condition 
has  recurred  at  intervals  for  years. 

PatJwlogy.— In  diphtherial  cases  Lceffler's  bacillus  is 
always  to  be  found.  In  every  case  I  have  examined 
of  conjunctivitis  associated  with  membrane,  bacilli  have 
been  found  in  considerable  numbers,  and  these  are  very 
difficult  to  distinguish  from  Loeiiler's,  and  have  been 
described  as  the  bacilli  of  xerosis. 

Treatment.  Local  should  consist  of  antiseptic  lotions, 
as  boracic  acid  (F.  24),  corrosive  subhmate  (P.  34),  nitrate 
of  silver  (P.  35),  and  quinine  (P.  31).  Opium  di^ops  are 
useful  for  stimulating  the  mucous  membrane  and  relieving 
the  pain.  Cold  compresses  and  hot  fomentations  may 
be  employed.  In  diphtherial  cases  involving  one  eye, 
the  other  must  be  protected  by  a  Buller's  shield  (p.  46)! 
In  the  cicatrisation  stage,  oil  (castor  or  olive)  must  be 
di-opped  into  the  eye,  and  any  adhesion  broken  down 
daily  to  prevent  permanent  symblepharon.  Owing  to 
the  extreme  danger  of  the  diphtherial  poison,  great  care 
must  be  exercised  in  di-essing  such  cases. 

General—In  diphtherial  cases  antitoxin  should  be 
employed,  and  in  many  quinine  is  indicated. 

]•:  2 
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Follicular  conjunctivitis  is  a  non  -  contagious 
disease,  characterised  by  the  presence  of  small  greyish- 
white  semi-transparent  elevations  {follicles)  on  the  con- 
junctiva of  the  lower  lid,  chiefly  near  the  retrotarsal  fold  ; 
they  may  also  be  present  on  the  conjunctiva  of  the  upper  lid. 

The  disease  affects  the  young  in  all  grades  in  life, 
being  rarely  met  with  after  the  age  of  20 ;  it  is  found  in 
those  living  under  the  same  hygienic  conditions,  as  in 
boarding  schools.  The  symptoms  are  weariness  of  the 
eyes,  especially  after  much  close  work,  a  heavy  feehng 
in  the  lids,  lachrymation  and  photophobia.  The  follicles 
vary  much  in  appearance  and  size,  from  small  pink 
overgrowths  to  yellow  semi-transparent  bodies,  and  are 
discrete  and  arranged  in  rows  parallel  to  the  border  of 
the  hd.  The  posterior  conjunctival  vessels  are  some- 
times congested. 

The  duration  of  the  disease  is  very  protracted,  and 
may  last  for  months  or  even  years,  and  the  cause  is 
unknown.  Complications  are  rarely  met  with,  and  vision 
as  a  rule  is  unaffected.  By  many  it  has  been  described 
as  an  early  condition  of  granular  conjunctivitis,  but  the 
two  are  quite  distinct.  Polhcular  conjunctivitis  affects 
the  lower  hd,  is  not  accompanied  by  much  discharge, 
and  followed  by  no  cicatricial  changes  ;  whereas  granular 
conjunctivitis  affects  chiefly  the  upper  hd,  is  at  times 
accompanied  by  a  marked  discharge,  and  gives  rise  to 
much  cicatrisation. 

The  palpebral  conjunctiva  of  many  children  may  be 
found  studded  with  shght  pink  elevations,  and  this  con-' 
dition  is  very  difficult  to  distinguish  from  follicular 
conjunctivitis,  and  has  been  called /oZZicwZos is.  Children 
with  such  conjunctivae  are  susceptible  to  attacks  of  con- 
junctivitis, and  are  generally  the  siibjects  of  adenoid 
vegetations,  enlarged  tonsils,  and  delicate  throats. 

Pathology. ^In  the  normal  conjunctiva  of  a  young 
individual  there  is  a  considerable  quantity  of  lymphatic 
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tissue,  especially  in  the  neighbourhood  of  the  retrotarsal 
folds,  and  this  tissue  is  still  more  abundant  in  childi'en 
with  a  tubercular  diathesis.  The  subepithelial  lymphatic 
tissue  becomes  massed  together  in  places  into  ovoid  heaps 
of  various  sizes.  These  heaps  or  follicles  have  no  capsule, 
and  after  lasting  some  time  tend  to  disappear.  They 
may  either  degenerate  and  become  absorbed,  or  may,  on 
absorption  of  the  superimposed  epithelium,  discharge 
their  contents. 

Treatment. — Follicular  conjunctivitis  being  chronic, 
and  dependent  on  the  general  health,  it  is  necessary  that 
childi'en  should  be  placed  under  the  best  hygienic  con- 
ditions, and  care  taken  to  test  the  refraction.  Locally, 
the  surface  of  the  follicle  may  be  painted  with  lotions  of 
nitrate  of  silver  (F.  35)  or  corrosive  sublimate  (F.  34). 
Occasionally  sulphate  of  copper  crystal  may  be  used,  and 
the  contents  of  the  elevations,  if  large,  may  be  squeezed 
out  between  the  finger  and  thumb.  Any  application 
Hkely  to  produce  cauterisation  must  be  avoided  for  fear 
of  cicatrisation,  as  the  after  effects  of  such  treatment  may 
be  more  serious  than  those  of  the  disease. 

Cases  resembling  follicular  conjunctivitis,  character- 
ised by  slight  roughness  of  the  palpebral  conjunctivaa 
and  enlargement  of  the  follicles,  are  met  with  where 
drugs,  such  as  atropine,  eserine,  and  cocaine,  have  been 
freely  applied  to  the  eyes.  Use  of  the  drug  must  be  dis- 
continued, and  the  conjunctivas  treated  locally  as  above. 

In  adults,  the  subjects  of  gout,  a  roughened  condition 
of  the  palpebral  conjunctiva  may  often  be  found,  associated 
with  a  smarting,  pricking,  burning  pain  in  the  eye.  To 
this  condition  the  term  hot  eye  has  been  applied  by 
Hutchinson.  The  treatment  is  principally  constitutional 
by  colchicura,  &c.,  and  locally  by  sedative  lotions  and 
ointments. 

Granular  conjunctivitis  {granular  02)hthalmia, 
trachoma)  derives  its  name  from  the  presence  on  the 
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palpebral  conjunctiva  of  elevations,  called  granules,  about 
the  size  of  a  pin's  head.  The  disease  is  contagious,  and 
occurs  as  a  rule  in  epidemics,'  very  few  sporadic  cases 
being  met  with. 

The  symptoms  vary  greatly,  but  cases  clinically  fall 
into  three  groups  :  (1)  those  described  as  sul^acute  or 
chronic,  with  an  insidious  onset ;  (2)  acute,  few  in  number, 
accompanied  by  much  discharge  ;  (3)  recurrent  or  re- 
lapsing cases. 

(1)  In  subacute  or  chronic  forms,  the  first  symptoms 
the  patient  complains  of  are  irritability  and  sensitiveness 


Fig.  16.  — Showing  the  Granules  and  a  Lineae 
CiCATKiciAL  Suae  above 

of  the  eyes,  weariness  on  reading,  feehng  of  stiffness  and 
heaviness  of  the  hds  ;  there  is  also  lachrymation  and 
sometimes  photophobia.  The  cihary  borders  of  the  hds 
may  be  reddened,  and  dried  secretion  will  often  be  found 
at  the  roots  of  the  eyelashes.  On  everting  the  upper  lid, 
the  palpebral  conjunctiva  appears  thickened  and  con- 
gested, and  at  the  retrotarsal  fold  and  fornix  discrete 
round  bodies  of  various  sizes  may  be  found.  These 
bodies,  the  granules,  are  whitish  or  pink  m  colour, 
>  For  a  full  description  of  this  disease  the  reader  should  consult 
Dr.  Stephenson's  exceUent  treatise  on  Epidemic  OphtMlmia, 
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semi-transparent,  and  arranged  in  rows  parallel  to  the 
posterior  border  of  the  tarsal  cartilage.  The  discharge, 
if  present,  is  mucopurulent,  and  lasts  for  an  indefinite 
time.  The  usual  coiirse  is  for  the  granules  to  become  more 
and  more  vascular,  associated  with  increase  of  the  muco- 
purulent discharge,  followed  after  a  time  by  shrinking 
and  often  disappearance  of  the  granules,  the  discharge 
becoming  less  and  eventually  ceasing  altogether.  On 
cessation  of  the  discharge  the  case  is  considered  to  be  no 
longer  contagious,  notwithstanding  the  fact  that  traces  of 
the  granules  may  still  be  found  on  everting  the  upper  lid. 
It  is  not  at  all  unusual  for  a  relapse  to  take  place  while 
the  hds  are  in  this  state,  in  which  case  the  granules  in- 
crease in  size  and  the  mucopurulent  discharge  reappears. 

(2)  Acute  granular  conjunctivitis  is  rarely  seen  ex- 
cept in  severe  epidemics.  Such  cases  at  first  resemble 
severe  mucopurulent  conjunctivitis  in  the  severity  of  the 
onset ;  the  lids,  especially  the  upper,  are  red,  swollen,  and 
oedematous  ;  the  discharge,  which  at  first  may  be  scanty, 
soon  becomes  profuse  and  mucopurulent.  On  opening 
the  lids  the  ocular  conjunctiva  is  seen  to  be  congested 
and  swollen,  and  on  everting  the  lids  the  palpebral 
conjunctiva  appears  red,  thickened,  velvety  in  appear- 
ance from  congestion  of  the  papillae,  and  the  retrotarsal 
folds  have  reddish  discrete  elevations  (granules)  on 
them.  As  the  disease  progresses,  the  swelhng  of  the 
conjunctiva  increases,  almost  hiding  the  granules,  and 
at  the  same  time  the  discharge  becomes  more  pro- 
fuse. During  this  acute  mucopurulent  stage  the 
granules  often  become  absorbed  and  disappear,  and  as 
the  inflammation  subsides,  at  a  period  varying  from  one 
to  three  weeks,  the  conjunctiva  may  gradually  assume 
its  normal  character.  In  other  less  favourable  cases  the 
disease  passes  into  the  chronic  form. 

(3)  Relapsing  or  rectirrent  cases  are  those  generally 
met  with  in  an  out-patient  department. 
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The  symptoms  are  the  same  as  in  the  first  form 
described. 

Signs— The  upper  lids  are  heavy-looking,  approaching 
a  condition  of  ptosis  ;  their  ciliary  margins  are  reddened 
and  caked  with  dry  discharge,  and  the  eyelashes  are  often 
stunted  and  misdirected.  The  palpebral  conjunctiva  of 
the  lower  lid  is  usually  congested  and  oedematous-looking, 
with  occasionally  granules  upon  it.  On  eversion  of  the 
upper  lid  the  tarsal  conjunctiva  is  swollen,  vascular, 
and  sometimes  raised  into  papillae  like  velvet  pile  ;  the 
retrotarsal  fold  and  fornix  are  studded  with  numerous 
granulations.  These  may  be  small  and  semi-transparent, 
large  and  warty-looking  with  intervening  sulci,  or  grey 
and  succulent.  The  tarsal  conjunctiva  of  the  upper  lid 
frequently  shows  hnear  scars  (fig.  16),  the  result  of  pre- 
vious attacks.  The  ocular  conjunctiva  very  rarely  has 
granules  on  it,  but  may  become  vascular  and  lose  its 
polish.  After  repeated  attacks  the  sm'face  of  the  cornea 
becomes  pitted,  dull,  and  vascularised. 

Complications  and  sequela. — A  first  attack  is  rarely 
followed  by  complications,  but  after  many  relapses  changes 
are  found  in  the  cornea,  conjunctiva,  and  hds. 

Superficial  vascular  keratitis  is  a  common  comphca- 
tion,  affecting  generally  the  upper  part  of  the  cornea. 
This  superficial  ulceration  of  the  cornea  is  apparently  part 
of  the  disease,  and  is  not  due  to  abrasion  and  rubbing  of 
the  cornea  from  the  presence  of  the  granules.  Com- 
bined with  this  loss  of  surface  is  the  deposition  of  a 
newly  formed  vascular  tissue  upon  the  surface  of  the 
cornea,  and  to  this  condition  the  term  pannus  has  been 
applied. 

Pannus  {pannus,  cloth)  begins  at  the  upper  part  of 
the  cornea  beneath  the  hd,  and  extends  downwards  by 
a  defined  border  from  the  periphery  towards  the  centre 
of  the  cornea,  and  may  eventually  cover  its  whole  area. 
When  the  cornea  is  in  a  state  of  pannus  its  surface 


DISEASES  OF  THE  CONJUNCTIVA 


57 


appears  uneven,  with  a  greyish  transparent  look,  and  is 
traversed  hy  many  small  blood-vessels. 

As  a  result  of  the  ulceration  and  pannus  the  cornea 
becomes  opaque  and  nebulous,  and  occasionally  bulges 
{corneal  staphyloma) ;  iritis  may  also  ensue. 

The  palpebral  conjunctiva  always  undergoes  hyper- 
trophy, which  is  followed  by  superficial  cicatrisation,  and 
may  result  in  Hnear  scarring  (fig.  16).  The  fornix  being 
the  chief  seat  of  granules,  the  sulcus  or  md-de-sac  is 
shortened  and  sometimes  obliterated.  In  severe  cases 
symblepharon  may  result,  and  even  essential  shrinking 
of  the  conjunctiva.  The  lids  are  affected  partly  by  the 
conjunctival  cicatrices,  and  partly  by  hypertrophy  and 
consequent  changes  in  the  tarsal  '  cartilages.'  The  upper 
lids  generally  curve  inwards,  producing  entropion  and 
trichiasis ;  and  ectropion  may  result  in  the  lower  lids. 

Causa  tion. — Contagion  is  the  exciting  cause  of  granular 
conjunctivitis,  but  its  spread  in  the  epidemic  form  is  to  a 
great  extent  influenced  by  certain  predisposing  causes. 

Thus,  it  is  prevalent  in  certain  the  Jews, 

Irish  and  Egyptians,  and  attacks  the  poor  rather  than  the 
rich.  Bad  hygienic  surroundings,  such  as  are  met  with 
in  insanitary  schools,  overcrowded  camps  {military  oph- 
thalmia), prisons  and  barracks,  favour  the  propagation 
of  the  disease.  In  hilly  countries  it  is  almost  unknown, 
but  prevails  in  low-lying  districts,  especially  near  a  river. 

Pathology. — In  gi-anular  conjunctivitis  two  conditions 
are  met  with  :  (1)  increase  of  the  papillae  of  the  con- 
junctiva ;  (2)  the  presence  of  masses  of  lymphatic  tissue 
(the  granules).  The  latter  consist  of  rounded  aggre- 
gations, forming  follicles  resembhng  those  of  Peyer's 
glands. 

"When  these  foUicles  have  existed  some  time,  they 
appear  to  acquire  a  capsule  of  connective  tissue.  Part 
of  the  lymphoid  ceUs  become  changed  into  spindle  cells 
and  transformed  into  connective  tissue,  and  from  the 
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contraction  of  this  connective  tissue  many  of  the  sequelae 
of  trachoma  result. 

Two'  views  are  held  as  to  the  nature  of  the  granules  : 
(a)  that  they  are  due  to  hypertrophy  of  the  lymph 
foUicles  of  the  conjunctiva  ;  {b)  that  they  are  new 
growths.  A  specific  micro-organism  has  been  descriljed 
as  the  exciting  cause,  but  this  is  very  doubtful. 

Prognosis. — In  the  first  stage  of  the  complaint  a  cure 
may  be  made  by  careful  hygienic  measures  ;  but  when  the 
disease  is  well  estabhshed  the  prognosis  is  unfavourable, 
as  there  is  always  a  risk  of  recrudescence. 

Treatment  must  be  directed  towards  producing  ab- 
sorption of  the  granules,  taking  care  not  to  destroy 
the  mucous  membrane.    In  chronic  cases  astringents, 
such  as  sulphate  of  zinc  dxops  (F.  17),  may  be  used  if 
there  be  mucopurulent  conjunctivitis.    The  eyes  must  be 
kept  free  from  discharge  by  lotions,  such  as  boracic  acid 
(P.  24)  or  per  chloride  of  mercury  (1  in  6,000).    If  the 
granules  be  much  raised  the  best  treatment  is  to  paint 
them  with  silver  nitrate  solution  (gr.  x-^j).     This  is 
done  by  everting  both  hds,  so  that  they  meet  and  cover 
the  cornea.    The  surface  of  the  lids  is  dried  by  a  pad  of 
absorbent  cotton-wool,  and  the  palpebral  conjunctiva  is 
then  painted  with  a  camel's-hair  brush,  or  a  probe 
covered  with  absorbent  cotton-wool  soaked  in  the  silver 
solution.     A  weak  solution  of  common  salt  is  dropped 
on  the  lids,  forming  chloride  of  silver,  which  prevents 
the  further  caustic  action  of  the  silver  salt.     If  the 
granulations  be   oedematous-looking  and  there  is  not 
much  discharge,  the  palpebral  conjunctiva  may  be  rubbed 
over  with  a  crystal  of  sulphate  of  copper,  and  the  hds 
sponged  afterwards  with  cold  water. 

Other  methods  of  treatment  consist  in  excision  of 
the  granules,  squeezing  them  out  between  the  thumb- 
nails, or  scraping  them  with  a  spoon.  The  fornix  of  the 
conjunctiva,  being  the  most  common  seat  of  the  granules. 
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has  occasionally  been  excised ;  infusions  of  jequirity 
(F.  49)  are  sometimes  employed. 

For  cases  of  severe  pannus,  Critchefct  introduced  the 
operation  known  as  perito7ny  {-n-epL,  around,  re/xvo),  I  cut). 
It  is  performed  by  removing  with  a  pair  of  scissors  a 
ribbon  or  strip  of  conjunctiva  and  subconjunctival  tissue, 
about  two  and  a  half  lines  in  width,  around  and  up  to  the 
corneal  margin.  The  object  of  this  operation  is  to  cut 
off  the  supply  of  blood-vessels  to  the  cornea. 

Preccmtions.  —  As  the  disease  is  contagious,  at  all 
events  during  the  mucopmailent  stage,  it  is  necessary 
that  extreme  care  should  be  taken  to  prevent  it  from 
spreading.  Epidemics  in  England  have  been  chiefly  con- 
fined to  Board  schools,  and  evidence  tends  to  show  that 
the  spread  of  the  infection  is  due  chiefly  to  the  washing 
and  bathing  arrangements  and  the  general  hygienic 
conditions. 

It  is  important  in  such  schools  that  the  ventilation  of 
the  building  should  be  efficient,  the  sanitary  arrangements 
perfect,  and  the  general  health  of  the  children  carefully 
looked  after.  Basins,  baths,  towels,  handkerchiefs  and 
other  linen  are  the  chief  agents  through  which  the 
contagion  is  spread.  The  lids  of  all  children  and  attendants 
ought  to  be  examined  from  time  to  time,  and  special  care 
exercised  on  the  admission  of  new  pupils.  Every  child 
suffering  from  granular  lids  accompanied  by  discharge 
must  be  isolated  at  once  and  put  under  proper  medical 
treatment  and  nursing,  till  the  discharge  has  ceased  and 
the  granules  have  quieted  down.  But  the  question  of 
how  long  a  child  is  contagious  can  only  be  settled  on 
the  merits  of  each  individual  case  after  examination  by 
an  expert. 

Phlyctenular  conjunctivitis  {^XvKraLva,  bladder) 
(fig.  17)  is  a  hmited  inflammation,  characterised  by  the 
presence  on  the  ocular  conjunctiva  of  one  or  more 
small  elevations  (jjklyctemdes),  each  as  a  rule,  surrounded 
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by  a  vascular  zone.    This  limited  inflammation  dis 
tinguishes  x^hlyctenular  from  other  kinds  of  conjunctivitis, 
and  persists  for  a  time  after  the  phlyctenules  have  dis- 
appeared. 

The  elevations  may  be  single  or  multiple,  and  it  may 

be  said  generally,  that  the  fewer  in  number  the  larger  their 

size,  and  vice  versd. 

The  symptoms  are  rarely 

well  marked,  and  may  be 

absent  altogether,  the  first 

intimation    of    the  disease 

being  often  obtained  from  a 

looking-glass  or  from  a  friend. 

There  may  be  a  feehng  of 
Fig.  17. — Phlyctenular  ■  • 

Conjunctivitis  grittuiess  or  smartmg  pam  m 

the  eye,  with  increased  lach- 
.ymation  and  sometimes  photophobia.  The  hds  stick 
together  during  sleep,  and  a  little  dried  discharge  collects 
at'the  roots  of  the  eyelashes.  The  ocular  conjunctiva  is 
congested  in  pinkish  vascular  patches,  but  if  there  be 
many  phlyctenules  the  conjunctival  congestion  may  be 
general.  In  the  centre  of  each  vascular  patch  a  portion 
of  the  conjunctiva  is  raised  and  generally  whitish-looking, 
and  this  elevation  is  the  phlyctenule. 

It  tends  to  increase  shghtly  in  size,  and  may  dis- 
appear altogether,  leaving  the  congested  conjunctival 
patch  to  mark  its  original  seat ;  or  the  apex  may  give 
way,  producing  an  ulcer  of  the  conjunctiva,  which  stams 
green  by  fluorescin.  This  ulcer  granulates  up  and  leaves 
no  trace  of  its  previous  existence.  The  usual  duration 
of  a  phlyctenule  is  from  a  day  to  a  week ;  in  chikh-en 
they  appear  in  crops,  and  relapses  are  very  common.  In 
adults,  a  large  solitary  phlyctenule,  with  its  characteristic 
vascular  patch,  is  often  difficult  to  diagnose  from  epi- 
scleritis (p.  98),  but  the  inflamed  area  of  conjunctiva  is 
not  so  large  and  the  congestion  not  so  deeply  situated. 
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Notwithstanding  the  fact  that  severe  conjunctival  in- 
flammation may  accompany  this  disease,  it  is  very  rare 
for  any  permanent  injury  to  be  done  to  the  eye.  Owing 
to  the  anterior  epithehum  of  the  cornea  being  continuous 
with  the  conjunctival  epithelium,  phlyctenules  may  be 
found  on  the  cornea  (p.  71)  and  conjunctiva  at  the  same 
time.  Cihary  blepharitis  and  an  eczematous  condition 
of  the  face  are  not  infrequently  present. 

Ccmsation. — It  is  the  most  common  eye  disease  in 
children,  and  occurs  amongst  both  the  rich  and  poor.  It 
is  closely  related  to  errors  of  diet,  bad  hygienic  surround- 
ings and  a  tubercular  diathesis.  It  is  often  a  sequela 
of  measles,  whooping  cough,  and  scarlet  fever.  The 
disease  is  frequently  met  with  in  patients  with  errors  of 
refraction,  as  hypermetropia  or  astigmatism. 

Pa^/w%?/.— Phlyctenules  originate  as  a  small  cell 
infiltration  beneath  the  epithelium  layer  of  the  conjunctiva, 
corresponding  to  papules  in  other  parts,  as  the  skin. 
They  are  soHd  and  not  vesicular,  as  often  described. 

The  conjunctival  epithehum  being  raised  by  the 
proliferation  and  pressure  of  these  small  cells,  tends 
to  break  down  at  the  apex  of  the  phlyctenule,  thus 
setting  free  the  inflammatory  cells,  and  leading  to  the 
formation  of  an  ulcer  with  a  depressed  centre.  Occa- 
sionally the  phlyctenules  become  pustular  {pustular 
eonjunctivitis) . 

Treatment—The  presence  of  phlyctenules  is  always 
associated  with  some  upset  of  general  health,  and  careful 
inquiry  must  be  made,  especially  in  childi^en,  as  to  errors 
m  diet,  clothing,  and  hygiene.  My  own  experience  is 
that  small  doses  of  arsenic  for  a  week,  followed  by 
tonics,  as  iron  and  cod  liver  oil,  are  of  great  benefit, 
and  the  bowels  must  at  the  same  time  be  carefully 
regulated. 

The  eye  should  be  kept  clean  by  weak  lotions,  as 
boracic  acid  (F.  24),  and  by  applying  one  of  the  follow- 
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ing  antiseptic  irritants  :  yellow  oxide  of  mercury  ointment 
(E.  40)  or  powdered  calomel  once  a  day.  To  use  the 
ointment,  a  small  piece  as  large  as  a  hemp  seed  should 
be  taken  up  on  the  tip  of  the  clean  finger  and  placed  on 
the  conjunctival  siirface  of  the  everted  lower  lid.  Such 
appUcation  is  made  more  efficacious  by  rubbing  gently 
the  upper  lid  over  the  eyeball,  and  thus  distributing  the 
ointment  uniformly. 

The  best  way  of  applying  the  calomel  is  to  place  the 
drug,  finely  powdered,  in  the  angle  made  by  folding  a 
piece  of  paper  once,  and,  opening  the  eye,  to  blow  in  the 
powder. 

Spring-  conjunctivitis  (vernal  conjunctivitis)  is  a 
chronic  disease  affecting  males  as  a  rule,  and  though  often 
met  with  on  the  Continent,  is  rare  in  England.  It  is 
characterised  by  the  presence  on  the  palpebral  and  ocular 
conjunctive  of broad,  flattened,  soft-looking  elevations, 
which  maybe  mistaken  for  those  of  granular  conjunctivitis. 
The  symptoms  are  a  feeling  of  heaviness  in  the  upper  Ud, 
lachrymation,  photophobia,  and  frequently  smarting  pain 
and  irritabihty  in  the  eye. 

The  hds  are  swollen,  and  may  bs  pushed  forwards  by 
the  growths  which  are  found  as  a  rule  on  the  palpebral 
conjunctiva  of  the  upper  lid,  and  on  the  ocular  conjunctiva 
near  the  hmb.  They  are  very  persistent,  may  last  for 
several  years,  and  though  of  considerable  size,  do  not 
tend  to  invade  the  cornea  to  any  extent.  The  overlying 
conjunctiva  presents  a  bluish- white  appearance,  which 
has  been  compared  to  skim  milk. 

After  several  recurrences  they  tend  to  disappear, 
leaving  no  trace  of  their  presence,  and  in  this  way  form  a 
contrast  to  the  granules  of  granular  conjunctivitis. 

In  the  spring  and  warm  weather  the  symptoms,  which 
have  been  latent  dming  the  cold  months,  reappear,  and 
continue  till  the  autumn. 

The  treatment  is  the  same  as  that  for  mucopurulent 
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conjunctivitis,  but  excision  of  the  growths  is  sometimes 
indicated. 

Ping'uecula  {pingicis,  fat)  is  a  yellowish  elevation  of 
the  ocular  conjunctiva,  and  is  found  in  adults  over  thirty 
years  of  age.  It  is  situated  to  the  outer  or  inner  side  of 
the  cornea  in  the  most  prominent  and  exposed  portion 
of  the  conjunctiva.  It  is  probably  formed  by  the  opening 
and  shutting  of  the  lids  producing  a  fold  of  the  conjunctiva 
corresponding  to  the  palpebral  fissure.  By  the  closing 
actioD  of  the  lids,  any  irritants,  as  foreign  bodies,  would 
be  liable  to  be  pushed  on  to  this  portion  of  the  conjunctiva. 
A  Pinguecula  consists  of  hypertrophied  conjunctival 
epithehum  and  connective  tissue  without  fat,  and  is 
generally  regarded  as  a  normal  structure  of  adult  life. 

Pteryg-ium  {irrepv^,  wing)  (fig.  18)  is  a  triangular 
thickened  fold  of  the  ocular  conjunctiva,  situated  within 
the  area  of  the  palpebral  fissure, 


generally  at  the  inner  or  nasal 
side  of  the  cornea,  but  may  be 
on  the  outer  side,  and  in  one  or 
both  eyes.  It  is  associated  with, 
and  probably  depends  on,  weU- 


developed  pingueculae,  and,  hke        pi^.  18.  ^-Pteeygium 
these,  occurs  in  adults  over  30. 

It  is  seldom  found  except  in  those  who  have  lived  in  the 
tropics,  sailors,  and  people  employed  in  dusty  occupa- 
tions, being  especially  liable  to  the  disease.  The  growth 
varies  from  a  red  vascular  fleshy  mass  to  a  structure 
presenting  the  appearance  of  normal  conjunctiva.  By 
its  apex  the  pterygium  is  attached  to  the  cornea, 
whilst  the  broad  conjunctival  base  extends  as  far  as  the 
canthus.  The  portion  near  the  limb  of  the  conjunctiva 
is  often  free,  and  in  this  recess,  and  under  the  superior 
and  inferior  folds  or  borders,  the  bacillus  of  xerosis  has 
been  found,  and  has  been  credited  with  the  growth  of 
the  pterygium.    Its  position  at  the  most  exposed  portion 


64         OPHTHALMIC  SIJRGEEY  AND  MEDICINE 


of  the  conjunctiva  points  to  its  origin  being  due,  Hke  a 
Pinguecula,  to  irritation  of  the  surface  of  the  conjunctiva, 
and  also  of  the  limb  of  the  cornea. 
Owing  to  irritation  by  foreign  bodies, 
and  probably  to  ulceration  of  the  cornea, 
the  thickened  conjunctiva  of  the  Pin- 
guecula folding  itself  over  towards  the 
cornea  like  a  bridge,  becomes  adherent 
to  the  anterior  surface  of  the  cornea,  and 
so  is  engrafted  there.  It  afterwards  tends 
to  grow  towards,  but  not  beyond,  the 
centre  of  the  cornea. 

The  treatvient  in  a  case  of  growing 
pterygium  is  to  remove  the  structure 
from  the  cornea.    This  is  done,  under 
cocaine,  by  grasping  the  central  and 
generally  non-adherent  portion  with  a 
pair  of  fixation  forceps 
(fig.  19),  and  then  dis- 
secting the  growth  from 
the  cornea  with  a  Beer's 
knife  (fig.  20)  towards 
the  attached  base.  The 
apex  is  turned  towards 
the  base  and  stitched 
into    the  conjunctiva 
there.    The  object  of 
this  operation  is  to  in- 
duce the  pterygium  to 
grow  in   the  opposite 
direction. 

Xerosis  (t^/jos,  dry) 
of  the  conjunctiva  is 
an  objective  symptom, 
characterised  by  a  dry 
and  usually  shrivelled  condition,  which  may  be  either 


Fio.  19. — Fixation 
Forceps 


Fig.  20.— Bekii's 
Knife 
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localised  or  general.  The  dried  patches  are  opaque, 
white,  or  gi-ey;  their  surface  is  roughened,  and  covered 
by  epithelial  cUhris,  scales,  or  by  white  bubbles  like  scum  ; 
and  they  are  not  moistened  by  the  tears.  From  these  dry 
patches  a  small  bacillus,  in  great  numbers,  may  be 
obtained,  and  is  known  as  the  bacillus  of  xerosis.  This 
condition  occurs  as  (1)  a  sequela  of  the  cicatricial  changes 
in  the  conjunctiva,  following  essential  shrinking,  pemphi- 
gus, trachoma,  and  injuries  (burns  and  scalds) ;  (2)  from 
exposure  (ectropion,  lagophthalmos.  Graves'  disease); 
(3)  atrophic  change,  in  keratomalacia  and  functional  night 
blindness. 

Pem2)higus  of  the  conjunctiva.— In  general  pemphigus 
bulla}  have  been  found  on  the  conjunctiva  coincident 
with  their  appearance  on  the  skin  and  other  parts  of  the 
body;  cicatrisation  of  the  conjunctiva  and  the  subcon- 
jiinctival  tissue  has  followed.  In  other  cases,  where  there 
is  a  definite  history  of  general  pemphigus  without  the 
conjunctiva  at  the  same  time  being  affected,  cicatrisation 
has  followed  with  essential  shrmking  of  the  coniunc- 
tiva.  ^ 

The  disease  occurs  at  all  ages,  and  treatment  produces 
no  benefit. 

Essential  shrinking  of  the  cowy^mc^wa.— Occasionally 
with  or  without  signs  of  chronic  inflammation  the  whole 
conjunctiva  contracts  and  cicatrises;  this  happens  some- 
times as  a  sequela  of  granular  conjunctivitis,  with  the 
result  that  the  conjunctival  sac  is  diminished  and  even 
obliterated  by  adhesion  of  the  hds  to  the  eyeball 

The  remains  of  the  conjunctiva  assume  a  dry  and 
shxivelled  character,  and  the  cornea  tends  to  develop  into 
a  hard,  dry,  and  opaque  membrane. 

Amyloid  disease  of  the  conjunctiva  occurs  very  rarelv 
and  seems  to  be  restricted  to  Eussia  and  the  adjacent 
countries.    It  is  characterised  by  yellowish  waxlike  non- 
vascular patches  on  the  conjunctiva. 


66        OPHTHALMIC  SUHGliRt  AND  MEDlCmii 


TUMOURS  OF  THE  CONJUNCTIVA  arc  of  rare  occur- 
rence, and  may  be  divided  into  inflammatory  and  new 
growths. 

Inflammatory  tumours.— Non-infective  granulo- 
mata  are  small  pedunculated  tumours  generally  due  to 
injury  or  operations.  They  are  seen  after  tenotomies, 
and  sprouting  from  burst  Meibomian  cysts. 

Infective  gramdomata.SypJiilis  is  met  with  in  the 
conjunctiva  either  in  the  early  or  late  stage  of  the  disease. 
A  primary  sore  may  be  acquired  by  kissing,  and  by 
removing  foreign  bodies  from  the  eye  with  the  tongue ; 
the  preauricular  and  submaxillary  glands  become  greatly 
enlarged.  As  a  rule  there  is  no  permanent  damage  done 
to  the  structures  of  the  eye  itself. 

Lup^ts  of  the  conjunctiva  is  generally  secondary  to 
the  growth  on  the  eyehd,  but  occasionally  arises  primarily. 
It  is  very  soft,  with  a  tendency  to  bleed,  and  progresses 
slowly,  having  a  well-defined  margin,  and  occasionally 
producing  pannus  and  ulceration  of  the  cornea.  The 
disease  may  be  either  scraped  away  with  a  spoon  or 
cauterised  with  sohd  nitrate  of  silver.  Titbercle  of  the 
conjunctiva  may  be  included  imder  'lupus,'  and  leprosy 
and  vaccinia  are  rarely  met  with. 

New  growths.— Innocent.— i)ermoz(Z  is  a  smooth, 
firm  yellowish-white  tumour  of  congenital  origin,  gene- 
rally situated  near  the  corneal  hmb,  and  though  usually 
invading  the  cornea,  may  be  wholly  on  the  conjunctiva. 
On  its  surface  are  a  few  downy  hairs.  Treatment  consists 
in  removal  by  dissection. 

PapiUoviata  with  narrow  pedicles  or  sessile  may  be 
found  on  either  ocular  or  palpebral  conjunctiva,  and  should 
be  removed. 

Single  transparent  cysts  occm'  occasionally.  A  cysti- 
form  dilatation  of  the  lymphatic  vessels  is  not  uncommon, 
and  frequently  assumes  a  moniliform  sbape  (lympli- 
angiectasis  of  the  conjunctiva). 
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IMCalig-nant. — Primary  malignant  tumom^s  of  the 
conjunctiva  are  either  epithehoma  or  melanotic  sarcoma, 
and  have  their  origin  at  the  corneal  Umb.  If  small,  they 
should  be  removed  as  freely  as  possible,  and  the  site  of 
the  disease  cauterised ;  if  large,  it  is  necessary  to  remove 
the  eyeball  and  perhaps  even  the  contents  of  the  orbit. 

Staining-  of  the  conjunctiva  occurs  from  jaundice, 
aniline  dyes,  nitrate  of  silver,  and  from  extravasated  blood. 
Permanent  staining  from  silver  nitrate  is  seen  after  its 
long-continued  use  in  granular  conjunctivitis.  The  ocular 
conjunctiva  assumes  a  yellowish  or  brown  colour,  and 
the  palpebral  a  slaty  purple  tint ;  this  appearance  is  due 
to  staining  of  the  elastic  fibres  of  the  subepithelial  layer. 

Bloocl-stainincj  may  occur  from  a  burn  or  injury  to 
the  conjunctiva,  but  is  generally  due  to  subconjunctival 
ecchymosis  the  result  of  coughing,  vomiting,  straining, 
or  blows.    It  is  not  permanent. 

Lithiasis. — In  gouty  patients,  small  white  concretions 
giving  rise  to  a  sensation  of  grittiness  and  lachrymation 
may  be  found  in  the  palpebral  conjunctiva  of  both  upper 
and  lower  lids,  and  should  be  removed  under  cocaine  by 
a  sharp  needle  or  by  a  knife. 

INJURIES  OF  THE  CONJUNCTIVA.— Poreig-n  bodies 
such  as  particles  of  dust,  coal,  or  metals  often  find 
their  way  into  the  conjunctival  sac,  and,  in  most  cases, 
are  washed  out  by  the  tears.  If  a  foreign  body  does 
not  come  away  in  this  manner,  it  is  generally  found 
adhering  to  the  palpebral  conjunctiva  of  the  upper  hd, 
which  must  be  everted  to  see  it. 

The  symptoms  are  lachrymation,  pain  on  movement 
of  the  eye,  photophobia,  and  even  blepharospasm. 

Treatfnent  is  to  remove  the  foreign  body  by  a  spud 
(fig.  29)  or  needle  if  it  is  fixed  in  the  conjunctiva,  but,  as  a 
rule,  this  may  be  done  by  a  camel's-hair  brush  or  a  finely 
pointed  fold  of  a  soft  handkerchief. 

Wounds  of  the  conjunctiva  are  generally  due  to 
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lacerations,  and  if  small  heal  up  quickly,  but  if  extensive 
should  be  united  by  stitches,  and  treated  with  cold 
compress  and  a  bandage. 

Burns  and  scalds  are  caused  by  quickhme,  molten 
metal,  boiling  water,  or  the  fumes  of  acids  and  alkahs. 
They 'must  be  very  carefully  treated,  as  an  apparently 
shght  injury  may  be  followed  by  disastrous  results.  Those 
due  to  quicklime  are  the  most  serious,  and  even  a  few 
grains  of  it  may  give  rise  to  great  destruction.  Burns  of 
the  conjunctiva  have  a  white  or  ashy-grey  appearance, 
and  are  sometimes  covered  by  a  shreddy  membrane. 
The  effect  of  destruction  of  the  mucous  membrane  is  to 
produce  an  ulcer,  which  subsequently  cicatrises,  and 
frequently  leads  to  symblepharon  and  alteration  in  the 

position  of  the  lid. 

Treatmmt.—knY  foreign  bodies  such  as  hme  or  metai 
should  be  searched  for  and  removed ;  the  conjunctival 
sac  should  be  washed  out  with  water  or  a  sedative  lotion, 
and  castor  or  sweet  oil  dropped  into  the  eye  three  times 
a  day '  the  object  of  the  oil  is  to  prevent  the  occurrence 
of  symblepharon.  The  eye  should  be  treated  with  cold 
compresses  and  bandaged. 

If  the  burn  be  due  to  an  acid,  the  eye  should  be  at  once 
washed  out  with  a  neutrahsing  solution,  as  carbonate  of 
potash  ;  and  if  caused  by  an  alkali,  oil  should  be  instilled. 
The  conjunctival  sac  must  be  carefully  watched  for  any 
shght  adhesion  between  the  ocular  and  palpebral  con- 
junctivjB,  and  if  such  be  found,  it  must  be  broken  down 
daily  with  a  probe. 
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CHAPTEE  V 

DISEASES  OF  THE  COENEA 

Anatomy. — The  cornea,  forming  with  the  sclerotic 
the  protective  coat  of  the  eyeball,  is  a  transparent  mem- 
brane  with  a  highly  polished    surface,  and  may  be 
compared  to  a  watch-glass,  being  convex  in  front  and 
concave  behind.    It  is  in  shape  an  ellipse,  the  vertical 
height  of  which  is  11  mm.,  and  the  horizontal  width 
12  mm. ;  its  thickness  is  only  1  mm.,  but  its  texture  is  very 
firm  and  resisting.    For  all  practical  purposes  the  cornea 
may  be  described  as  an  avascular  structure,  though  there 
are  small  looped  vessels  beneath  the  anterior  epithelium 
extending  inwards  to  about  1-5  mm.  from  its  periphery. 
The  structure  is  composed  of  (1)  the  anterior  stratified 
epithehal  layer  continuous  with  the  conjunctiva,  ^)  the 
anterior  homogeneous  membrane  (Bowman's),  (3)  the 
corneal  tissue  proper,  forming  practically  the  whole  bulk 
and  thickness  of  the  cornea,  consisting  of  connective 
tissue  fibres  with  numerous  branched  cells  and  continuous 
with  the  sclerotic,  (4)  the  posterior  homogeneous  mem- 
brane (Descemet's),  Hned  posteriorly  by  (5)  a  single  layer 
of  epithelioid  cells,  called  the  posterior  epithelial  layer, 
continuous  with  that  on  the  anterior  surface  of  the  iris. 
The  nutritive  supply  reaches  the  cornea  through  its  lymph 
spaces.     There  is  an  extensive  nerve-supply,  chiefly 
from  the  ciUary  branches  of  the  nasal  nerve;  these 
nerves  terminate  in  a  fine  network  between  the  anterior 
epithehal  cells,  which  accounts  for  the  extreme  pain  and 
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photophobia  in  corneal  inflammation,  especially  in  super- 
ficial ulceration. 

KERATITIS  (Kepas,  horn),  or  inflammation  of  the  cornea, 
is  characterised  by  pain,  photophobia,  lachrymation, 
impairment  of  vision,  pink  circumcorneal  zone,  and 
alteration  in  the  natural  transparency  of  the  cornea. 
It  may  be  classified  as  snjJerficial,  affecting  primarily 
the  anterior  epithelial  layer;  interstitial  (parenchy- 
matous), imphcating  the  corneal  tissue  proper;  posterior 
(punctate),  in  connection  with  the  epithelium  hnmg 
Descemet's  membrane;  and  general,  including  xerotic  and 

neuroparalytic. 

Superficial  keratitis  may  be  divided  into  the 
following  varieties:  Vascular,  phlyctenular,  herpetic, 
bullous,  superficial  punctate,  and  dendritic.  Under  this 
heading  will  also  be  considered  corneal  ulcers,  as  they 
generally  commence  as  a  hmited  superficial  keratitis. 

Vascular  keratitis  is  the  name  apphed  to  a  general 
superficial  inflammation  attended  by  the  presence  of 
numerous  superficial  blood-vessels  ;  to  the  condition  so 
produced  the  term  pawMts  is  apphed  (see  p.  56). 

The  symptoms  consist  of  defective  vision,  and  irrita- 
bility of  the  eye,  shown  by  lachrymation  and  photophobia. 

Signs.— Tcie  upper  part  of  the  cornea  becomes  opal- 
escent, and  its  surface  rough  and  pitted.  There  is  a 
deposition  of  newly  formed  vascular  tissue  in  the  super- 
ficial layers  of  the  cornea,  and  the  vessels  forming  it  are 
bright  red  in  colour,  of  different  sizes,  and  varying  m 
number,  occasionally  only  two  or  three  being  present. 
They  can  be  seen  to  be  continuous  with  the  anterior  con- 
iunctival  vessels,  and  consist  of  trunks  dividmg  mto 
many  branches  like  a  tree.  Besides  these  superficial 
vessels,  others  from  the  episcleral  may  be  seen  deeper  m 
the  cornea.  The  vessels  gradually  push  then-  way  over 
the  cornea,  which  tends  to  become  opaque  m  advance  ot 
them    Very  often  the  lower  part  of  the  cornea  may  be 
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involved  in  the  same  way,  and  thus  the  whole  may 
become  affected.  In  cases  that  improve,  the  blood- 
vessels tend  to  clear  up  from  the  periphery,  leaving  the 
cornea  still  nebulous ;  the  opacity  which  remains  is 
generally  near  the  centre,  and  it  is  rare  for  the  cornea  to 
become  again  completely  transparent.  Iritis  occasionally 
supervenes. 

The  cause  in  most  cases  is  granular  conjunctivitis, 
but  it  may  be  phlyctenular  keratitis,  trichiasis,  entropion, 
and  ectropion. 

Pathology. — The  cornea  becomes  infiltrated  with 
migratory  ceUs  at  several  points,  and  these  cells  invade 
the  deeper  layers  of  the  epithelium.  At  a  later  stage  a 
number  of  red  blood  cells  are  seen  running  in  anastomos- 
ing channels  which  have  at  first  no  definite  lining.  The 
migratory  cells  form  new  connective  tissue,  and  the 
surface  epithelium  becomes  hyperplastic. 

The  prognosis,  in  severe  cases,  is  unfavourable  so  far 
as  vision  is  concerned,  but  in  slight  cases  treatment  gives 
good  results.  The  treatment  consists  in  removing  any 
cause,  as  conjunctivitis,  ingrowing  lashes,  &c.,  and  the 
local  application  of  calomel  or  yellow  oxide  of  mercury 
ointment  (P.  40). 

Occasionally  cauterisation  with  silver  nitrate  or 
copper  sulphate  does  good.  If  the  vascularity  be  ex- 
cessive, the  operation  of  peritomy  (p.  59)  may  be  per- 
formed, or  the  infusion  of  jequirity  (F.  49)  employed. 

Phlyctenular  keratitis  is  the  most  common  form 
of  superficial  keratitis,  and  from  the  continuity  of  the 
corneal  epithehum  with  that  of  the  conjunctiva  is  very 
frequently  associated  with  phlyctenular  conjunctivitis 
(p.  59).  Tfie  phlyctenules  are  at  first  small  whitish  or 
grey  elevations,  found,  as  a  rule,  at  the  periphery  of  the 
cornea,  but  may  be  situated  anywhere  on  its  surface. 
They  may  all  be  developed  at  the  same  time,  or  occur  in 
successive  crops. 
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The  symptoms  consist  of  lachrymation,  pain,  photo- 
phobia, and  lid  spasm. 

Sicjns. — The  corneal  phlyctenules  are  at  first  grey- 
white  and  shghtly  raised,  like  those  of  the  conjunctiva ; 
the  epithelium  covering  them  gives  way  at  the  apex  and 
leads  to  limited  ulcers,  with  infiltration  and  opalescence 
of  the  surrounding  cornea.    The  pain  is  greatly  increased 
by  the  ulceration  owing  to  exposure  of  the  nerve  end- 
ings.   In  those  cases  where  a  phlyctenule  is  situated  at 
the  periphery  of  the  cornea,  the  congestion  is  limited  to 
the  immediate  neighbourhood  of  the  lesion,  and  so  has 
a  patchy  appearance,  whereas,  if  the  lesion  be  near  the 
centre  of  the  cornea,  the  character  of  the  congestion  is 
that  of  a  general  circumcorneal  zone.    The  ulcers  are 
generally  superficial,  and  do  not  tend  to  spread  deeply  or 
widely.    In  most  cases  they  heal  quickly,  but  sometimes, 
owing  to  the  general  health  of  the  patient,  their  duration 
is  long ;  there  is  a  marked  tendency  to  recurrence.  In 
many  cases,  blood-vessels  passing  to  the  ulcer  from  the 
conjunctiva  produce  a  red  vascular  axDpearance  in  the 
floor  of  the  ulcer,  which  is  then  termed  a  vascular  ulcer. 
Phlyctenular  ulcers  give  rise  on  healing  to  nebulae,  or 
opacities  of  the  cornea,  which  may  be  permanent,  but 
often  disappear  ;  they  are  more  fully  described  under  the 
sequelae  of  corneal  ulcers. 

Causation. — The  disease  is  generally  met  with  in 
young  children,  and  is  associated  with  bad  hygienic  sur- 
roundings, improper  feeding,  constitutional  diatheses  as 
tubercle,  and  zymotic  diseases  as  measles,  whooping 
cough,  &c.  It  is  prevalent  at  certain  seasons  of  the 
year.  The  pathology  is  the  same  as  that  of  phlyctenular 
conjunctivitis. 

Constitutional  treatment  is  of  the  greatest  importance, 
and  the  best  way  of  carrying  it  out  is  to  give  small 
doses  of  arsenic,  or  grey  powder  and  rhubarb,  for  a  week, 
followed  by  tonics  such  as  iron  and  cod-livor  oil.  Great 
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attention  must  be  paid  to  dietetic  details  and  children 
should  be  prohibited  from  taking  much  sugar,  cakes,  and 
fruit.   Hygienic  measures  are  of  equal  importance. 

Local  treatment. — For  this  the  yellow  oxide  of  mer- 
cury ointment  (P.  40)  is  most  effective  ;  calomel  and  iodo- 
form may  also  be  used.  If  the  ulceration  be  central  or 
superficial,  atropine  is  indicated,  alone  or  in  combination 
with  the  yellow  ointment  (F.  41).  If  there  be  much  photo- 
phobia and  lachrymation,  shading  of  the  eyes  and  counter- 
irritation,  in  the  form  of  liniment  of  iodine  painted  on  the 
brow,  give  much  relief. 

Herpetic  keratitis  {Herpes  cornece)  is  seldom  met 
with  in  England,  and  must  be  distinguished  from  the 
ulcers  of  the  cornea  associated  with  herpes  ophthalmicus. 
It  is  rarely  seen  under  15  years  of  age.  The  disease 
is  characterised  by  the  suddenness  of  its  onset,  and  the 
presence  on  the  cornea  of  a  number  of  small  clear  trans- 
parent vesicles  about  the  size  of  a  pin's  head.  The 
vesicles  are  accompanied  by  severe  pain  and  neuralgia 
along  the  branches  of  the  ophthalmic  division  of  the  fifth 
nerve,  by  lachrymation,  and  often  by  photophobia.  As 
a  rule  they  appear  in  crops  at  short  intervals,  and  the 
ulcers  on  the  cornea,  produced  by  the  breaking  down  of 
the  vesicles,  often  disappear  without  leaving  any  trace 
of  their  presence.    The  tension  of  the  eyeball  is  reduced. 

Causation. — Pneumonia  and  catarrhal  affection  of  the 
respiratory  tract  at  times  precede  the  affection,  and  herpes 
qf  the  lips  and  nose  is  often  coexistent. 

The  disease  must  be  treated  locally  by  the  yellow 
oxide  of  mercury  ointment  with  atropine  (F.  41),  and 
if  there  be  much  pain,  cocaine  may  be  used.  The  eye 
should  be  lightly  bandaged  and  a  shade  or  goggles  worn. 

Bullous  keratitis  is  a  very  chronic  form,  charac- 
terised by  one  or  more  bullae  on  the  cornea,  with 
generally  a  circumcorneal  vascular  zone;  it  is  accom- 
panied by  considerable  pain  and  photophobia.  When 
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a  bulla  has  broken,  a  large  ulcer  is  produced  having  an 
infiltrated  base.  The  disease  has  been  found  in  cases 
of  uveitis  and  glaucoma,  and  is  due,  according  to  Leber, 
to  an  oedematous  condition  of  the  deeper  cells  of  the 
anterior  surface  of  the  cornea.  The  treatment  is  to  cut 
off  with  a  small  pair  of  scissors  the  raised  portion  of  the 
bulla,  and  then  to  stimulate  the  base  by  painting  it  with 
nitrate  of  silver  solution  (P.  35),  or  by  dusting  iodoform  on 
it.  The  eye  should  be  hghtly  bandaged.  Hypodermic 
injections  of  morphia  are  often  needed  to  allay  the  pain. 

Superficial  punctate  keratitis  '  commences  with 
the  symptoms  of  acute  conjunctivitis,  which  are  followed 
by  the  appearance  of  numerous  small  grey  spots  in  the 
superficial  layers  of  the  cornea.  These  spots  are  not 
accompanied  by  vesicles,  nor,  as  a  rule,  by  corneal 
ulceration,  and  after  lasting  many  months  gradually  dis- 
appear. The  treatment  consists  of  first  relieving  the  con- 
junctival symptoms  by  antiseptic  or  astr'ngent  lotions  and 
then  applying  yellow  oxide  of  mercmy  ointment  (F.  40). 

Dendritic  {mycotic)  keratitis  is  characterised  by 
ulceration  of  the  cornea,  with  numerous  greyish  lines 
spreading  into  the  corneal  tissue  like  the  branches  of  a 
tree.  These  offshoots  lose  the  epithelium  covering  them 
and  become  furrowed  ulcers. 

The  symptoms  may  be  severe  or  slight,  and  the  course 
is  chronic.  It  is  supposed  to  be  due  to  a  special  micro- 
organism. The  treatment  should  be  by  lotions  as  cor- 
rosive sublimate  (F.  34),  or  by  scraping  the  ulcerated 
surface  with  a  sharp  spoon. 

Ulcers.— By  a  corneal  ulcer  is  understood  a  loss  of 
substance  of  the  cornea,  involving  necessarily  its  super- 
ficial surface,  and  undergoing  active  change.  Ulcers  have 
been  classified  in  various  ways  according  to  then-  posi- 
tion depth,  course,  cause,  vascularisation,  and  appear- 
ance ;  thus,  they  may  be  central  or  peripheral,  superficial 
'  Fuchs'  Textbook  of  Ophtlialmology,  p.  171. 


DISEASES  OF  THE  COKNEA 


75 


or  deep,  acute  or  chronic,  primary  or  secondary,  vascular 
or  non-vascular,  transparent  or  opaque. 

In  this  book  no  attempt  is  made  to  give  a  definite 
classification  of  corneal  ulcers ;  the  development  and 
course  of  an  ordinary  ulcer  are  first  described,  and  after- 
wards- certain  ulcers  presenting  special  peculiarities  are 
noticed. 

An  ulcer  commences,  as  a  rule,  by  a  slight  infiltra- 
tion of  the  cornea,  characterised  by  limited  dulness  and 
opalescence  of  the  corneal  substance.  This  opalescent 
area  becomes  limited,  slightly  raised,  and  of  a  grey  or 
yellowish  colour.  The  epithelial  layer,  anterior  to  the 
focus  of  inflammation,  gives  way  at  the  most  prominent 
part  and  thus  the  ulcer  is  formed.  The  surrounding 
cornea,  for  a  short  distance,  is  generally  grey  or  whitish, 
and  this  infiltration  area  is  of  importance,  as  the  less  it 
is  marked  the  less  likelihood  there  is  of  the  ulcer  spread- 
ing, and  vice  versa.  The  ulcer  may  now  spread  laterally 
or  in  depth  ;  if  the  former,  the  edges  are  ragged  and  irre- 
gular. After  the  area  of  infiltration  has  ceased  to  extend, 
the  prehminary  steps  towards  healing  take  place  ;  the 
tissues  destroyed  are  cast  off,  and  the  surrounding  cornea 
gradually  becomes  clear.  When  the  base  and  sides  are 
transparent,  heahng  ensues,  and  during  the  process  the 
edges  are  seen  to  become  less  ragged  and  more  rounded, 
and  eventually  to  shelve  off  towards  the  base  instead 
of  appearing  undermined.  The  depression  made  by  the 
ulcer  becomes  filled  up  with  new  connective  tissue, 
and  over  this  fresh  epithelium  grows  from  the  edges. 
Whilst  these  changes  have  been  taking  place,  blood- 
vessels have  extended  from  the  nearest  part  of  the 
limbus  to  the  seat  of  the  ulcer.  The  new  connective 
tissue  filling  up  the  ulcer,  not  being  transparent,  produces 
alteration  of  colour  in  the  cornea  at  the  seat  of  ulcera- 
tion;  if  the  colour  be  grey  the  opacity  is  known  as  a 
nebula,  if  dense  white,  as  a  leickoma.    When  new  tissue 
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is  not  formed  in  sufficient  quantities  to  fill  up  the  excava- 
tion made  by  the  ulcer,  a  depression  or  facet  remains 
and  may  be  permanent. 

The  infective  ulcer  {hypoinjon  ulcer)  is  due  to 
local  infection,  and  in  most  cases  follows  direct  injuries 
of  the  cornea  by  pieces  of  wood  or  metal.    This  variety 

is  met  with  generally  in  old 
people,  and  especially  in 
those  whose  constitution 
has  been  undermined  by 
drink  and  disease.  In  many 
cases  it  is  crescentic  in 
shape  (fig.  21),  and  is  to  be 
seen  spreading  at  one  bor- 
FiG.  21.— Infective  Ulceb  and  der  whilst  heahng  at  the 
Hypopyon  ^^^iQX    (serpiginous).  The 

ulcer  has  a  tendency  to  increase  both  superficially  and  in 
depth,  and  is,  as  a  rule,  accompanied  by  pus  or  lymph  in 
the  anterior  chamber  known  as  hypopyon. 

From  the  lowered  vitality  of  the  cornea,  most  infective 
ulcers  are  accompanied  by  little  or  no  pain,  and  even  half 
the  cornea  may  be  involved  before  the  patient  presents 
himself  for  advice.  In  severe  cases,  perforation  may 
take  place,  followed  by  hernia  of  the  iris,  and  the  eye 
may  pass  into  a  condition  of  panophthalmitis. 

The  marg-inal  ulcer  is  occasionally  found  com- 
mencing as  a  crescent  at  the  periphery  of  the  cornea, 
especiallv  in  broken-down  adults  and  old  people,  and 
may  be  difficult  to  diagnose  on  account  of  an  arcus  senilis. 
It  has  a  tendency  to  extend  around  the  periphery  rather 
than  to  make  its  way  towards  the  centre,  and  may  even 

encircle  the  cornea.  . 

The  transparent  ulcer  is  usually  small,  superficial, 
situated  in  the  neighbourhood  of  the  centre  of  the  cornea, 
and  has  no  tendency  to  spread.  It  is  as  a  rule  unaccom- 
panied by  circumcorneal  zone,  lachrymation,  or  marked 
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opacity  of  the  cornea.  It  is  very  indolent,  and  though 
during  repair  the  ulcerated  edges  become  covered  by  new 
epithelium,  a  permanent  depression  is  always  left. 

The  symptoms  found  in  corneal  ulcers  vary  very 
much  with  the  age,  constitution,  and  general  health 
of  the  patient.  In  all  cases,  photophobia  and  pain  on 
exposure  to  Hght  are  the  chief  subjective  symptoms.  The 
pain  is  due  to  exposure  of  twigs  of  the  corneal  nerves. 
In  children  the  attitude  is  often  characteristic  :  the  patient 
sits  in  the  darkest  corner  of  the  room,  the  head  buried  in 
the  hands  or  frock,  and  the  back  turned  to  any  source 
of  light ;  the  lids  are  tightly  closed  and  swollen  as  if  in 
spasm,  and  tears  stream  down  the  face.  In  an  adult,  as 
a  rule,  these  symptoms  are  not  so  extreme. 

The  chief  signs  are  swollen  lids,  lachrymation,  pink 
circumcorneal  vascular  zone,  which  may  be  masked  by 
extreme  conjunctival  congestion,  a  locaHsed  loss  of 
surface  of  the  cornea  (seen  best  by  focal  illumination), 
infiltration  of  the  surrounding  cornea,  and  sometimes 
blood-vessels  passing  to  the  ulcer. 

Causation. — Ulcers  may  be  due  to  injury  or  disease, 
and  of  the  former,  abrasions  of  the  cornea  produced  by 
foreign  bodies  are  frequently  the  cause ;  they  follow  inflam- 
matory affections,  such  as  phlyctenular,  herpetic,  and 
bullous  keratitis,  and  may  also  be  secondary  to  inflam- 
mation of  the  lachrymal  sac  and  conjunctiva,  especially 
pm-ulent  and  diphtherial  conjunctivitis.  In  children  they 
often  occur  as  a  sequela  of  measles,  whooping  cough, 
scarlet  fever,  and  other  exanthemata.  They  are  met  with 
frequently  in  tubercular  subjects,  in  those  who  are  ill-fed, 
dirty,  and  exposed  to  bad  hygienic  surroundings,  and  in 
elderly  people  broken  down  in  health. 

Pathology— Corneal  ulcer  may  originate  in  a  primary 
loss  of  the  surface  epithelium  in  traumatic  abrasions,  or 
as  a  secondary  loss  due  to  a  phlyctenule  or  an  abscess. 

In  whatever  way  produced,  the  ulcer  is  bounded  by 
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walls  of  corneal  tissue  more  or  less  infiltrated  with  small 
cells,  and  this  infiltration  is  greater  in  ulcers  following 
a  corneal  abscess.  The  floor  of  the  ulcer  and  the  active 
edges  are  covered  with  debris  of  cells  yielding  staphylo- 
cocci and  streptococci. 

The  hypopyon  accompanying  an  ulcer  is  produced 
by  micro-organisms,  conveyed  by  the  corneal  lymphatics 
to  the  iris  and  ciliary  body,  which  set  up  inflam- 
mation of  these  structures  with  exudation  of  lymph 
cells.  In  a  few  cases  the  pus  may  pass  directly  from  the 
ulcer  through  Descemet's  membrane  into  the  anterior 
chamber. 

Complications  and  seqitelcz.—The  cornea  at  the  site 
of  an  ulcer  permanently  remains  less  transparent  than 
normal,  but  the  difference  may  be  almost  imperceptible. 
If  the  density  of  the  opacity  be  but  slight,  it  is  termed  a 
nebula,  which  may  be  limited  or  involve  the  greater  part 
of  the  cornea.  If  it  be  more  opaque,  the  term  lezikoma 
is  applied.  When  the  corneal  tissue  has  been  much 
weakened  by  ulceration  a  staphyloma  is  formed.  AU 
such  opacities  and  changes  interfere  seriously  with  vision. 

In  other  cases  the  base  of  the  ulcer  has  a  dark  almost 
black  appearance,  caused  by  Descemet's  membrane,  which 
may  protrude,  forming  a  hernia  of  Descemet's  mevihrane. 

If  the  ulcer  be  very  deep,  perforation  of  the  cornea 
may  take  place,  and  may  lead  to  the  estabhshment  of  a 
corneal  fistula  or  prolapse  .of  the  iris. 

Anterior  polar  cataract  occurs  in  infants.  In  aU  cases 
of  perforation  of  the  cornea,  the  anterior  chamber  is  re- 
duced in  depth  or  even  lost,  and  the  tension  is  lowered. 
The  iris  tends  to  come  forward  and  attach  itself  to  the 
cornea  at  the  seat  of  perforation,  giving  rise  to  the  forma- 
tion of  anterior  synechia  {^rwix^,  I  hold  together),  and 
if  on  heaUng,  a  marked  white  opacity  remains  at  the 
seat  of  perforation,  the  condition  termed  lenhoma  adherens 
is  produced.    In  cases  of  perforation  of  the  cornea,  mtis 
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and  even  suppuration  of  the  eyeball  {panophthalmitis) 
may  result. 

The  prognosis  must  be  considered  from  two  points  of 
view — the  healing  of  the  ulcer,  and  the  condition  of  vision 
after  healing.  Small  superficial  ulcers,  with  marked  in- 
flammatory reaction  in  young  people,  heal  soonest  and 
with  the  smallest  amount  of  scarring,  whereas  chronic 
indolent  ulcers,  at  any  age,  tend  to  increase  in  size  and  to 
leave  a  marked  scar.  The  acuteness  of  vision  after  healing 
depends  on  the  position  and  size  of  the  scar.  A  large 
peripheral  scar  may  give  rise  to  httle  alteration  in  the 
acuteness  of  vision,  whereas  a  small  central  opacity  may 
most  seriously  interfere  with  sight. 

The  local  treatment  depends  upon  the  position,  condi- 
tion and  nature  of  the  ulcer.    Atropine,  from  its  sedative 
action  on  the  cornea  and  its  power  of  keeping  the  iris  at 
rest  by  dilating  the  pupil,  is  the  routine  treatment  in  all 
cases.    It  is,  however,  contra-indicated  in  those  ulcers, 
situated  at  the  periphery  of  the  cornea,  which  are  deep 
and  spreading;  for,  by  producing  dilatation  of  the  pupil, 
atropine  would  tend  to  cause  anterior  synechia  and  greater 
risk  of  prolapse  of  the  iris  should  perforation  take  place. 
In  such  cases  eserine,  owing  to  its  power  of  contracting 
the  pupil  and  thus  removing  the  iris  from  the  neigh- 
bourhood of  the  ulcer,  should  be  employed.  When 
fomentations  are  needed  in  the  treatment  of  corneal 
ulcer,  belladonna  (P.  4)  is  the  most  useful,  since  its 
local  action  is  the  same  as  that  of  atropine;  poppy 
(F.  39)  and  hot  water  fomentations,  which  may  be  used 
in  every  case,  must  be  adopted  in  those  instances  above 
mentioned,  where  dilatation   of   the  pupil   is  contra- 
indicated.    In  the  acute  stage  of  a  corneal  ulcer,  the 
main  lines  of  treatment  are  directed  at  first  to  the  relief 
of  the  pain,  photophobia  and  congestion,  to  checking  the 
spread  of  the  disease,  and  afterwards  to  the  prevention 
of  sequelae.    Pain  and  congestion  are  best  relieved  by 
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sedative  drops,  as  atropine  (P.  1)  and  cocaine  (F.  10), 
and  fomentations  of  belladonna  and  poppy.  If  possible, 
a  pad  of  cotton-wool  should  be  placed  upon  the  closed 
lids,  and  a  bandage  carefully  applied,  with  the  object 
of  keeping  the  hds  at  rest  and  preventing  their  move- 
ments from  irritating  the  surface  of  the  ulcer;  but  if 
there  be  much  conjunctival  discharge,  a  shade  or  tinted 
glasses  should  be  placed  over  both  eyes  instead  of  a 
bandage.  Counter-irritation  by  bhsters  or  by  liniment 
of  iodine  painted  above  the  eyebrows  often  does  good, 
but  if  the  pain  be  very  severe,  the  apphcation  of  leeches 
to  the  temporal  region  is  indicated. 

Photophobia,  which  is  constantly  present,  is  to  be 
treated  by  counter-irritation,  as  bhsters  or  setons  (see 
Appendix)  behind  the  ear;  in  young 
children  the  sudden  apphcation  of  cold 
water  by  means  of  a  sponge  or  douche 
to  the  back  of  the  neck  often  gives  rehef . 

If  the  ulcer  tends  to  spread,  the  eye 
should  be  washed  out  with  some  anti- 
septic solution,  as  boracic  acid  (P.  24), 
Condy  (P.  33),  silver  nitrate  (P.  35), 
or  corrosive  sublimate  (P.  34).  Care 
must  be  taken  against  the  use  of  solu- 
tions containing  lead,  as  a  white  deposit 
may  be  formed  at  the  site  of  the  ulcer, 
giving  rise  to  a  dense  leukoma;  solu- 
tions of  alum  are  also  contra-indicated, 
as  alum  is  said  to  dissolve  the  connective 
tissue  of  the  cornea,  and  thus  to  cause  the 
ulcer  to  spread.    If  a  slough  form  on 
an  ulcer,  it  may  be  scraped  away  by  a 
spoon  or  burned  by  the  cautery.  For 
an  infective  ulcer  the  best  treatment  is 
destruction  of  its  base  and  edges  by  the  actual  cautery 
(fig  22),  and  failing  this,  by  the  application  of  silver  nitrate, 


Fig  22.— Actual 
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either  in  a  strong  solution  (gr.  x-§j)  or  in  the  soHd  form, 
or  by  pure  carboHc  acid. 

In  an  adult,  if  hypopyon  be  present,  the  pus  should 
be  evacuated  by  paracentesis  of  the  anterior  chamber, 
and  the  ulcer  cauterised  at  the  same  time.  Paracentesis 
may  be  performed  either  through  the  base  of  the  ulcer, 
or  on  some  healthy  part  of  the  cornea.  For  chronic  ulcer, 
local  stimulation  is  necessary,  and  may  be  carried  out  by 
placing  in  the  eye  a  small  quantity  of  the  yellow  oxide  of 
mercury  ointment  (P.  40)  every  night  in  the  manner 
already  described  under  Phlyctenular  Conjunctivitis. 
Calomel  or  iodoform  may  be  dusted  on  the  ulcer,  and  a 
watery  solution  of  tincture  of  opium  (1  in  5)  may  be 
dropped  into  the  eye.  In  very  indolent  ulcers  the  best 
results  are  obtained  by  the  actual  cautery. 

Cauterisation. — The  eye  having  been  brought  under 
the  influence  of  cocaine,  the  patient  is  placed  in  a  re- 
cumbent position  ;  a  speculum  is  introduced  between  the 
hds,  and  the  actual  cautery  (fig.  22),  heated  to  a  dull  red 
in  the  flame  of  a  spirit  lamp,  is  applied  to  both  the  base 
and  edges  of  the  ulcer.  A  Httle  castor  oil  is  then  dropped 
into  the  eye,  and  a  bandage  apphed.  Another  method  of 
treatment  is  painting  with  nitrate  of  silver  (gr.  x-§j). 

In  ulcers  threatening  to  perforate,  paracentesis  is 
indicated,  and  may  be  repeated  several  times  if  necessary. 

Paracentesis  of  the  anterior  chamber  is  performed 
whilst  the  eye  is  under  cocaine  (in  children  a  general 
anaesthetic  must  be  used).  The  patient  lying  dovm  and 
a  speculum  (fig.  23)  being  introduced  between  the  hds 
the  operator,  seizing  the  eye  by  fixation  forceps  (fig.  19), 
or  fixing  it  by  means  of  his  fingers,  passes  a  broad  bent 
cutting  needle  (fig.  24)  or  a  keratome  (fig.  33)  through  the 
lower  part  of  the  periphery  of  the  cornea,  into  the  anterior 
chamber,  and  so  lets  out  the  aqueous  humour.  If  the 
aqueous  does  not  escape  readily,  it  may  be  necessary  to 
press  with  a  curette  (fig.  25)  on  the  lower  lip  of  the  wound 
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to  enable  it  to  do  so.  After  the  operation  it  is  very 
important  to  be  certain  that  the  iris  is  in  position,  as 
otherwise  prolapse  may  result. 

Saemisch's  method  of  treating  a  deep  spreading  ulcer 
is  to  divide  it  with  a  Graefe's  knife  (fig.  57),  and  by  this 
means  the  tension  of  the  swollen  cornea  is  reheved.  This 
is  done,  if  possible,  whilst  the  eye  is  under  the  influence 
of  cocaine,  but  in  cases  where  active  inflammation  is  pre- 
sent the  drug  has  little  efi'ect,  and  general  anaesthetics 
must  then  be  employed.  The  lids  being  held  open  by  a 
speculum  and  the  eyeball  fixed  by  the  forceps,  the  knife 


Em.  23.— WiEE  Speculum 

is  passed  through  the  healthy  cornea,  close  to  one  edge  of 
the  ulcer,  into  the  anterior  chamber,  makmg  l^ounte.- 
puncture  in  the  healthy  cornea  on  the  opposite  side  of 
fhe  ulcer  The  knife  is  turned  with  its  cutting  edge 
forwards  and  made  to  divide  the  base  of  the  ulcer  and 
to  cut  its  way  out.  The  aqueous  humour  and  any  pus  m 
the  anterior  chamber  are  now  evacuated,  and  a  bandage 

'^^When  spontaneous  perforation  has  taken  place  atro- 
pine or  eserine  is  instilled  into  the  eye  accordmg  to  the 
TsHion  of  the  ulcer,  and  pressure  by  means  of  a  bandage 
Tuid  be  applied,  or  the  eye  covered  up  by  isinglass 
plaster. 
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The  general  treatment  is  mainly  directed  to  improving 
the  health  of  the  patient,  as  corneal  ulcers,  except  from 
traumatic  causes,  never  occur  in  persons  in  a  good  state 
of  health.  In  children,  this  is  most  advantageously  done 
by  prescribing  alteratives,  as  arsenic  or  grey  powder  and 
rhubarb,  for  about  a  week,  and  following  up  this  treatment 
with  tonics,  such  as  iron,  quinine,  and  cod-liver  oil. 

In  adults,  tonics  must  be  given,  and  care  taken  to 
improve  digestive  troubles.    A  complete  change  of  air 


Fig.  24. — Bent  Needle  Fig.  25.—  Cdeette 

and  scene  is  frequently  very  beneficial.  Patients  must 
be  well  clothed,  properly  fed,  and  take  sufficient  exercise 
in  the  fresh  air.  Small  doses  of  opium  are  very  useful  in 
painful  inflammatory  ulcers. 

Treatment  of  corneal  nebula,  is  mainly  directed  to  their 
absorption,  and  the  best  way  to  procure  this  result  is  to 
apply  to  the  eye  an  ointment  of  yellow  oxide  of  mercury 
(P.  40)  every  night.     It  is  important  after  using  this 
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ointment  that  the  hds  should  be  rubbed  gently  over  the 
eyeball  from  side  to  side  and  from  above  downwards,  for 
a  time  varying  from  half  a  minute  to  two  minutes.  Calomel 
may  also  be  used,  and  electrolysis  is  said  to  be  beneficial. 

Iridectomy  in  cases  of  central,  and  even  in  extensive 
nebulse  and  leukomata,  may  be  performed  behind  a  trans- 
parent portion  of  cornea  to  improve  the  vision.  Anterior 
synechiee  may  be  divided  if  they  cause  any  trouble. 

Tattooing  the  cornea  is  practised  in  order  to  remove 
the  unsightliness  of  a  corneal  leukoma,  or  to  improve  the 
sight  in  cases  of  corneal  nebulae  which  do  not  cover  the 
whole  pupillary  area  ;  in  these  latter  cases  the  irregular 
diffusion  of  light  through  the  nebula  diminishes  the 
acuity  of  vision  and  this  is  corrected  by  tattooing. 

Operation.— The  first  steps  are  to  prepare  the  staining 
fluid  by  rubbing  Indian  ink  into  a  paste  with  water. 

The  eye  being  under  the  influence  of 
cocaine,  a  speculum  (fig.  23)  is  mtro- 
duced  between  the  hds,  and  the  eye  held 
by  fixation  forceps  (fig.  19).  A  number 
of  superficial  punctures  are  then  made 
by  a  grooved  needle  (fig.  26),  or  by  De 
"Wecker's  multiple  tattooing  needle,  in 
the  leukomatous  patch.  This  is  fol- 
lowed by  heemorrhage,  which  must  be 
checked,  and  afterwards  the  black  paste 
well  rubbed  into  the  punctures  by  a 
spud  or  the  back  of  a  curette.  The 
operation  has  usually  to  be  repeated 
several  times,  and  the  result  is  not 
permanent. 

Transplantation  of  the  cornea  of  a 
rabbit  has  been  attempted  in  cases 
where  vision  has  been  destroyed  by 
an  opacity  of  the  cornea,  but  without  any  good  results, 
chiefly  because  the  transferred  cornea  becomes  slu-unken 
and  opaque. 


Fig. 
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Abscess  of  the  cornea  is  a  circumscribed  collection 
of  pus  in  its  substance,  bounded  in  front  and  behind  by 
healthy  layers  ;  the  surface  of  the  cornea  over  the  abscess 
is  smooth  though  dull.  It  is  yellowish  white  in  colour, 
circular  in  shape  if  situated  near  the  centi-e,  but  crescentie 
if  at  the  periphery,  and  it  is  surrounded  by  haziness  of  the 
cornea.  At  first  the  surface  over  the  abscess  is  raised, 
but  afterwards  flattened  owing  to  softening  of  the  corneal 
tissue. 

It  is  accompanied  by  pain,  frequently  intense  along 
the  supraorbital  and  nasal  nerves,  and  photophobia ; 
there  is  sweUing  of  the  lids,  conjunctival  and  episcleral 
congestion,  and  oedema  of  the  conjunctiva.  Hypopyon 
and  iritis  are  often  present.  The  course  is  very  slow ; 
absorption  occasionally  takes  place,  but  more  often  the 
superficial  corneal  layers  give  way,  forming  an  ulcer 
which  leaves  permanently  some  opacity  of  the  cornea. 
The  prognosis  is  practically  that  of  a  corneal  ulcer.  The 
treatfnent  consists  of  fomentations  and  bandaging ;  the 
abscess,  if  large,  should  be  incised,  and  its  cavity  scraped 
or  cauterised. 

Corneal  fistula  is  a  small  opening  in  the  cornea 
communicating  with  the  anterior  chamber,  and  from 
which  the  aqueous  humour  is  continuously  oozing.  The 
condition  is  met  with  after  wounds  and  perforating  ulcers  ; 
it  appears  as  a  small  dark  dot  (the  orifice)  in  the  centre 
of  a  depression.  The  cornea  immediately  surrounding 
the  orifice  is  opalescent,  the  anterior  chamber  shallow  or 
absent,  and  the  tension  diminished.  The  pupil  is  gene- 
rally contracted  from  the  diminution  of  intra-ocular  ten- 
sion, and  the  iris  tends  to  become  adherent  at  the  fistulous 
opening. 

The  escape  of  aqueous  can  be  demonstrated  by  first 
applying  cocaine  and  drying  the  cornea  with  a  piece  of 
blotting-paper,  whilst  the  eyelids  are  kept  open,  when  a 
drop  of  fluid  will  be  observed  exuding  from  the  fistula.  The 
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treatment  consists  of  the  instillation  of  atropine  or  eserine, 
according  to  the  site  of  the  perforation,  and  the  firm 
application  of  a  bandage.  The  edges  of  the  fistula  may 
be  touched  with  a  fine  point  of  nitrate  of  silver  or  the 
actual  cautery.  A  good  plan,  if  there  be  no  signs  of 
suppuration  in  the  ulcer,  is  to  strap  up  the  eye  firmly 
with  isinglass  plaster  for  a  period  of  two  or  three  days 
to  a  week. 

Interstitial    {parenchymatous)    keratitis    is  a 

chronic  inflammation  commencing  in  the  corneal  tissue 
proper,  and  as  a  rule  exhibiting  no  tendency  to  superficial 
ulceration  or  to  the  formation  of  pus. 

Signs  and  symptoms.— The  disease  may  commence  m 
two  ways,  either  as  a  haziness  of  the  cornea,  or  else  as  a 
vascularised  patch  at  the  periphery  (the  salmon  patch 
of  Hutchinson).    Most  cases  begin  with  a  diffused  hazi- 
ness near  the  centre  of  the  cornea.    On  magnifying  this 
patch  it  will  be  foimd  to  be  composed  of  several  small 
cloudy  areas,  whilst  the  anterior  surface  of  the  cornea 
remains  smooth  and  pohshed.     These  islets  tend  to 
coalesce,  and  in  the  course  of  a  few  weeks  or  less  the 
cornea  becomes  densely  opaque  resembling  ground  glass, 
some  parts  of  it  having  often  a  yellowish- white  appeaxance 
like  lymph.    At  first  a  pink  circumcorneal  zone  is  seen, 
assuming,  as  the  corneal  symptoms  become  more  severe, 
a  deeper  hue,  characteristic  of  scleral  inflammation  or 
congestion.    There  is  often  photophobia  and  a  good  deal 
of  neuralgic  pain  ;  vision  is  gradually  reduced  and  may 
only  amount  to  perception  of  light. 

Course  and  progress. -Mter  a  period  varying  from  a 
few  months  to  a  year,  the  cornea  clears  up  from  the 
periphery  towards  the  centre,  the  central  part  being 
ihe  last  to  acquire  transparency.  In  mild  cases,  the 
cornea  may  occasionally  become  quite  transparent,  but 
as  a  rule  more  or  less  haze  remams  for  years  or  is 
permanent. 
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In  severe  cases,  after  the  ground  glass  stage,  the 
corneal  tissue  proper  is  invaded  throughout  by  new 
blood-vessels  from  the  anterior  ciliary,  and  assumes  the 
salmon-coloured  character  spoken  of  above. 

Some  cases  commence  by  a  small  vascular  crescent, 
generally  at  the  upper  half  of  the  cornea.  On  magnifying 
this  zone  it  is  found  to  be  composed  of  a  close  network  of 
blood-vessels.  The  cornea  immediately  below  this  patch 
acquires  a  hazy  appearance,  which  tends  to  spread 
gradually  towards  the  centre,  and  as  a  rule  to  invade  its 
whole  area.  The  vascular  crescent  slowly  increases  and 
may  extend  and  follow  in  the  wake  of  the  corneal 
opacity.  The  tissue  of  the  cornea  itself  softens,  and 
the  normal  curve  becomes  exaggerated.  The  disease 
begins  in  one  eye,  though  the  other  eye  is  generally  at 
some  time  affected.  After,  as  a  rule,  a  short  interval  the 
second  eye  becomes  implicated,  usually  before  the 
disease  in  the  first  eye  has  disappeared.  If  the  attack  in 
the  first  eye  be  very  severe,  the  course  and  progress  in 
the  second  eye  is  much  less  marked.  Recurrence  of  the 
disease  rarely  takes  place. 

-  Complications  and  seqtoelcB  are  iritis,  choroiditis, 
cyclitis,  occlusion  of  the  pupil,  secondary  glaucoma,  and 
shrinking  of  the  globe.  After  an  attack  there  are  gene- 
rally permanent  nebulae  in  the  cornea,  and  always  the 
remains,  at  the  corneal  periphery,  of  the  vessels  of  in- 
flammation. 

Causation. — The  disease  usually  occurs  between  the 
age  of  five  and  puberty,  and  is  rarely  observed  after 
30  years.  It  affects  both  sexes,  and  perhaps  is  more 
frequently  seen  in  females.  Mont  cases  have  a  history  of 
congenital  syphihs  (68  per  cent.,  according  to  Nettleship), 
though  there  are  many  in  which  no  such  history  can 
be  traced.  It  is  also  found  in  tubercular  subjects  and 
very  rarely  in  cases  of  acquired  syphilis. 

As  interstitial  keratitis  is  so  often  associated  with 
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congenital  syphilis,  some  of  the  following  signs  and 
symptoms  of  that  disease  are  generally  to  be  found. 

Signs  of  hereditanj  syphilis.-  -The  physiognomy  is 
characteristic.  The  skin  is  flabby  and  coarse;  the 
conformation  of  the  skull  exhibits  a  square  forehead  with 
prominent  frontal  eminences  and  a  furrow  above  the 
eyebrows.  There  is  a  depressed  and  widened  condition 
of  the  bridge  of  the  nose,  and  radiating  scars  about  ihe 
angles  of  the  mouth  (Hutchinson's  lines),  and  in  the 
mucous  membrane  of  the  buccal  cavity  and  pharynx. 
The  teeth  are  dwarfed,  narrow  from  side  to  side, 
their  angles  rounded  off,  presenting  a  'pegged'  ap- 
pearance, and  often  there  is  a  crescentic  notch  in  the 
biting  edge.  Those  generally  affected  are  the  incisors 
of  the  second  dentition.  There  may  be  nodes  on  the 
bones,  and  enlargement  of  lymphatic  glands.  These 
patients  are  frequently  deaf,  and  in  some  there  is  a 
history  of  'snuffles,'  and  a  coppery  rash  about  the 
buttocks  soon  after  birth. 

Pathology.— There  is  a  dense  infiltration  of  exudation 
cells  into  the  deeper  layers  of  the  corneal  tissue  proper, 
together  with  many  blood-vessels,  leading  to  increased 
thickness  and  softening  of  the  cornea.  The  stress  of  the 
inflammation  in  these  cases  is  borne  by  the  deeper  layers 
of  the  cornea,  and  in  consequence  the  anterior  portion  of 
the  uveal  tract  becomes  implicated,  shown  by  cyclitis, 
iritis,  and  choroiditis. 

Prognosis.— In  the  most  severe  cases,  there  is  generally 
a  chance  of  some  improvement,  even  after  many  months 
or  years,  as  far  as  vision  is  concerned.  In  slight  cases 
the  prognosis  is  good,  as  the  cornea  may  become  almost 
completely  transparent  again  ;  and  even  when  vision  has 
been  reduced  to  perception  of  hght  the  patient  has  re- 
covered with  useful  sight. 

Diagnosis.— The  salmon-coloured  vascular  patches  of 
interstitial  keratitis  may  be  easily  mistaken  for  pannus 


l)ISEASi;S  OF  TliE  COENEA 


89 


but  on  carefully  examining  with  a  magnifying  glass,  the 
vessels  are  seen  to  be  smaller,  more  uniform  in  size,  and 
divide  into  trunks  almost  parallel  to  one  another  (broom - 
like) ;  they  do  not  spread  like  the  branches  of  a  tree,  nor 
can  they  be  traced  directly  from  the  conjunctiva  as  in 
pannus.  The  epithelium  over  the  patches  is  smooth  and 
not,  as  a  rule,  pitted,  though  there  is  often  a  sand-paper 
appearance  of  the  superficial  surface. 

Treatment. — -Whilst  the  disease  is  progressing,  the 
local  treatment  consists  in  protection  of  the  eyes  from 
light,  by  means  of  shades  or  tinted  spectacles,  and  the 
instillation  of  atropine.  Afterwards,  it  must  be  directed 
to  clearing  the  corneal  tissue  by  means  of  absorbents,  as 
yellow  oxide  of  mercury  ointment  (F.  40),  alone  or  in  com- 
bination with  atropine  (P.  41).  Calomel  may  also  be  used. 
These  remedies  must  be  persevered  with  for  months  or 
years.  When  the  cornea  is  vascular  and  shows  signs  of 
softening,  pressure  is  to  be  applied  by  means  of  a  firm 
bandage,  and  in  still  more  severe  cases,  paracentesis  of 
the  anterior  chamber  may  be  performed  to  relieve  the 
bulging. 

In  adults,  the  constitutional  treatment  is  a  mild  course 
of  mercury  or  iodide  of  potassium,  and  general  attention 
to  the  health  of  the  patient.  If  the  disease  be  associated 
with  anaemia,  iron  is  indicated  in  combination  with  the 
mercury.  In  children,  grey-powder,  syrup  of  the  iodide 
of  iron,  and  cod-liver  oil  are  all  useful ;  but  constitutional 
treatment  has  little  influence  over  the  course  of  the 
disease. 

Punctate  keratitis  {jjosterior  keratitis,  Desce- 
inetitis)  is  characterised  by  the  presence  of  dots  of 
different  sizes  on  the  epithelium  lining  the  membrane  of 
Descemet;  these  dots  consist  of  migratory  cells  and 
proliferation  of  this  epithelium.  The  condition  is  really 
a  symptom  of  diseases  of  the  uveal  tract,  being  found 
in  iritis,   cyclitis,  uveitis  (especially  the  sympathetic 
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orm),  but  never   as  an  inflammation  of  the  cornea 

^^°^he  dots  (fig.  27)  are  often  arranged  in  the  shape  of  a 
conical  bullet  with  the  apex  upwards  near  the  centre  of 

the  cornea.  In  some  cases 
they  change  their  position 
with  the  movements  of  the 
patient's  head,  especially 
if  the  position  is  main- 
,,  tained  for  a  long  time,  as 
during  sleep.  This  charac- 
teristic shape  of  the  de- 
■  Fig.  27.— Punctate  Keratitis      posit  is  due  to  the  fluids 

of  the  eyeball  circulating 
through  the  pupil,  and  bringing  with  them  epithehal 
deposits  and  cells  which  are  thrown  upon  the  posterior 
epithehum  of  the  cornea. 

Xerotic  keratitis  {keratomalacia)  is  a  condition 
resulting  from  exposure  of  the  cornea  owing  to  insufiicient 
protection  by  the  hds,  and  is  always  associated  with 
debilitating  causes. 

It  occurs  in  children  during  the  last  stages  of  tuber- 
cular meningitis  and  infantile  diarrhoea,  when  it  is  usually 
a  precursor  of  death.  In  Eussia,  it  is  met  with  in  children 
from  insufficiency  of  nutrition  during  seasons  of  fasting, 
and  is  then  preceded  by  hemeralopia  and  the  dry  patches 
of  the  conjunctiva  found  in  functional  night  bhndness. 
In  adults,  the  condition  occurs  in  the  course  of  Graves  s 

Signs  -The  lower  half  of  the  cornea  becomes  steamy, 
and  afterwards  grey  and  infiltrated.  A  marginal  ulcer 
may  now  form  and  tend  to  perforate,  giving  rise  to 
prolapse  of  the  iris.  Dryness  of  the  cornea  sets  in,  i  s 
epithelial  surface  becomes  flaky  and  peels  off,  especially 
near  the  site  of  the  ulcer,  and  the  whole  cornea  assumes 
a  yeUow  crusted  horny  appearance.    There  is  very  little 
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pain,  and  one  or  both  eyes  may  be  involved.  Treatment 
usually  has  httle  effect  on  the  disease  ;  warm  fomen- 
tations and  antiseptic  lotions  may  be  used. 

Neuroparalytic  keratitis  is  the  name  given  to  the 
changes  in  the  cornea  occurring  after  paralysis  of  the 
ophthalmic  division  of  the  fifth  cranial  nerve.  These 
changes  were  at  first  said  to  be  trophic,  but  are,  like  xerotic 
keratitis,  due  rather  to  exposure.  Owing  to  the  corneal 
anaesthesia,  foreign  bodies  may  remain  on  that  membrane 
for  some  time,  and  give  rise  to  ulceration.  The  treatment 
is  to  keep  the  lids  closed  by  means  of  a  bandage  or  by  a 
suture. 

BULGINGS    OF    THE    COENEA.       1.  Staphyloma 

{oTTa^vXri,  bunch  of  grapes)  of  the  cornea  is  the  name 
applied  to  a  bulging  cicatrix  which  develops  occasionally 
after  corneal  ulceration  and  perforation.  It  is  the  result 
of  intra-ocular  pressure  upon  the  freshly  formed  con- 
nective tissue  which  has  filled  up  the  gap  left  by  the 
destruction  of  the  cornea. 

Staphyloma  may  be  complete  or  partial ;  when  com- 
plete, it  is  bounded  all  round  by  the  corneal  margin  of 
the  sclerotic,  and  when  partial,  it  occupies  a  limited  area 
within  this  boundary.  The  shape  of  a  staphyloma  varies, 
being  globular,  hemispherical,  conical,  or  lobulated  ;  from 
the  last  form  the  name  is  derived.  In  the  conical  variety 
the  apex  of  the  cone  may  be  either  centrally  or  laterally 
placed.  The  colour  may  vary  from  dense  opaque  white 
to  slaty  blue,  or  even  black,  and  there  are  generally 
some  blood-vessels  coursing  over  the  surface.  A  staphy- 
loma may  be  so  large  that  the  lids  cannot  cover  it,  and  the 
upper  lid  tries  to  adapt  itself  to  the  shape  of  the  bulging. 

The  development  of  a  staphyloma  is  usually  not 
attended  by  much  pain,  unless  it  be  rapid.  All  forms  are 
liable  to  reciirrent  attacks  of  inflammation,  and  to  spon- 
taneous or  traumatic  rupture.  Staphyloma  is  not  a,s  a 
rule  composed  of  the  different  layers  of  the  cornea,  but 
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of  new  connective  tissue,  of  which  the  iris  forms  the  chief 
part.  The  lens  is  often  absent,  having  escaped  at  the 
time  of  perforation,  and  in  most  cases  it  is  opaque  and 
shrunken.  The  changes  found  in  the  rest  of  the  eye  are 
mainly  the  result  of  increased  intra-ocular  tension,  such 
as  excavation  of  the  optic  nerve,  and  atrophy  of  the 
choroid  and  retina. 

Treatment.— In  cases  of  partial  staphyloma,  an  iri- 
dectomy may,  by  reducing  tension,  check  the  progress,  and 
at  the  same  time  may  serve  for  optical  purposes,  if  there 
be  a  clear  portion  of  the  cornea  left.  Another  method  is 
excision  of  an  elliptical  piece  from  the  apex  of  the 
staphyloma,  combined  with  union  of  the  cut  edges  by 
sutures.  In  complete  staphyloma,  excision  of  the  eyeball 
may  be  performed,  or  abscission. 

2.  Conical  cornea  {keratocomts)  is  a  bulging  of  the 
central  portion  of  the  cornea,  not  due  to  active  inflammatory 
change.  It  is  probably  the  result  of  a  combination  of 
causes,  of  which  increased  intra-ocular  tension,  weakness 
of  the  central  portion  of  the  cornea,  and  subsequent 
malnutrition  are  the  most  important  factors. 

Symptoms  and  coztrse.— The  eye  first  becomes  myopic, 
and  generally  astigmatic,  and  this  latter  condition  is 
complicated  from  the  fact  that  the 
refraction  is  altered  at  first  only  in 
the  central  part  of  the  cornea.  The 
details  of  the  disc  and  fundus,  if  seen, 
appear  to  be  distorted,  and  vision 
is  much  affected  even  in  the  early 
stages.    A  slight  degree  is  very  diffi- 
cult to  detect,  but  well-marked  cases, 
as  in  the  diagram  (fig.  28),  are  easily 
Fig.  28.-  Conic-vl     recognised.    A  case  of  conical  cornea 
^'^''^^^  usually  tends  to  increase,  and  when 

the  cone  is  very  prominent  its  apex  becomes  cloudy,  and 
a  nebula  is  formed.    The  progress  of  such  cases  is  slow  ; 
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the  majority  are  found  in  females  between  the  ages 
of  10  and  25,  and  generally  both  eyes  are  affected. 
Conical  cornea  may  follow  a  central  ulcer. 

The  methods  of  diagnosing  the  condition  are,  first,  by 
the  direct  distant  ophthalmoscopic  examination,  when 
the  shadow  appears  very  ill-defined  over  the  apex  of  the 
cone,  and  plays  irregularly  over  the  rest  of  the  cornea, 
giving  rise  to  an  appearance  like  vortex  rings.  Secondly, 
by  focal  illumination,  when  the  distortion  of  the  corneal 
reflex  can  be  observed.  A  third  method  is  by  Placidu's 
disc,  which  consists  of  a  circular  piece  of  cardboard  on 
which  are  painted  alternate  concentric  circles  of  black 
and  white,  with  an  aperture  in  its  centre  for  a  sight-hole. 
It  is  used  by  being  held  close  to  the  cornea,  and  the 
reflex  produced  by  it  on  the  corneal  surface  is  seen  to  be 
distorted,  especially  if  the  disc  be  rotated  slowly.  Treat- 
ment.— If  the  case  be  shght  the  refraction  must  be 
carefully  estimated,  especially  for  astigmatism,  and  weak 
solutions  of  eserine  and  pilocarpine  may  be  employed  for 
the  purpose  of  diminishing  tension  ;  over-use  of  the  eyes 
must  be  avoided,  particularly  for  near  work.  If  the  case 
cannot  be  benefited  by  glasses,  operative  measm-es  may 
be  employed.  These  are  paracentesis  of  the  anterior 
chamber  repeated  every  day  for  a  week,  or  removino-, 
cauterising,  or  trephining  the  apex  of  the  cone.  The 
general  health  must  be  carefully  attended  to. 

Arcus  senilis  is  the  term  applied  to  a  narrow  grey, 
white,  or  yellowish  band,  about  1  to  2  mm.  broad,  near 
the  periphery  of  the  cornea.  It  is  always  separated 
from  the  periphery  by  a  clear  or  less  opaque  zone  of 
corneal  tissue,  and  this  distinguishes  it  from  the  scars  of 
peripheral  ulcers.  It  commences  as  two  crescents,  one 
at  the  upper  and  the  other  at  the  lower  part  of  the 
cornea,  and  may  eventually  form  a  complete  ring,  but 
the  upper  and  lower  portions  are  always  broader  than  the 
lateral.     The  change  consists  in  a  colloid  or  hyaloid 


94         OPHTHALMIC  SURGEEY  AND  MEDICINE 

de-eneratioa  of  the  superficial  layers  of  the  corneal 
tissue  behind  the  anterior  elastic  lamina.  The  presence 
of  arcus  senihs  indicates  no  organic  change,  and  has 
no  prejudicial  effect  on  corneal  operation  wounds.  It  is 
generally  met  with  after  40,  but  may  be  found  m  young 

people.  ^  f 

Bloodstaining-  of  the  cornea.  -  In  cases  of 
hyphema  following  an  injury,  blood  may  sometimes  be 
found  in  the  substance  of  the  cornea,  and  Colhns  has 
described  a  greenish  or  rusty-brown  discoloration  of  the 
cornea,  after  hemorrhage  into  the  anterior  chamber,  and 
found  that  the  pigmentation  was  due  to  hseraatoidin. 

Transverse  calcareous  film  of  the  cornea.-A 
grey  band  is  occasionally  found  in  that  part  of  the  cornea 
which  is  most  often  uncovered  by  the  hds.  It  is  situa  ed 
in  the  front  layers  of  the  corneal  tissue  proper  the 
anterior  epithehal  surface  of  the  cornea  bemg  perfectly 
smooth.  On  removing  the  anterior  epithelium,  the  de- 
posit is  found  to  consist  of  gritty  particles.  The  affection 
i  met  with  in  people  over  60  years  of  age ;  it  tends  to 
progress,  but  does  not  spread  beyond  the  cornea.  0..mg 
to  its  position  the  vision  is  much  interfered  with.  _ 

The  treatment  consists  in  removmg  the  anterioi  epi- 
thelium and  scraping  away  the  calcareous  ^^-^ -^^'^^ 
centre  of  the  band,  so  as  to  obtain  a  transpaient  aiea, 
and  the  optical  result  may  be  assisted  by  an  iridectomy 

downwards  and  inwards. 

TUMOURS  of  thecorneaareexcessivelyrare  as  prima 

g.oXs;  dermoid  cysts,  epithelioma,  ^^^^^^ 
ainatinain  the  limbus  of  the  conjunctiva  aflectthe  coiuea 
gmatm^m  tne  by  laminated  epithelium  may 

by  extension,  bysts  nnea  ".y  ^nrnpa 
occasionally  be  found  in  the  substance  ot  the  coioea. 

IMUBIES  OF  THE  COBMA.--ro- 
sn,an  particles  of  i.^n,  ;rb:daed  t 

t^z:r^s::X:^":^.    a.,  cou.. 
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of  profuse  lachrymation,  extreme  pain  on  movement 
of  the  lids  over  the  eye,  and  photophobia.  The  signs 
are  generally  very  slight  compared  to  the  pain  and 
discomfort  experienced  by  the  patient,  and  usually 
consist  of  slight  ciliary  congestion.  A  foreign  body 
can  be  diagnosed  from  an  abrasion  or  staining,  by 
"  its  being  raised  above  the  cornea,  and  this  can  be 
best  observed  by  focal  illumination  aided  by  a  mag- 
nifying lens.  If  it  has  been  present  for  some  days 
the  cornea  around  it  ^becomes  steamy  and  nebulous, 
and,  in  the  case  of  a  piece  of  steel  or  iron, 
the  immediately  surrounding  cornea  is 
stained  by  rust.  The  usual  course  in  such 
cases,  if  the  foreign  body  is  not  removed, 
is  for  it  to  set  up  ulceration  of  the  cornea, 
which  may  lead  to  its  dislodgment. 

The  treatment  is  to  remove  the  foreign 
body,  and  this  is  best  done  under  cocaine. 
The  patient  should  be  sitting  down  and 
facing  a  good  light ;  the  operator,  standing 
behind  and  supporting  the  head,  takes  a 
needle  or  spud  (fig.  29)  in  his  right  hand, 
and  steadies  the  eye  by  raising  the  upper  lid 
with  the  index  finger  of  his  left  hand,  and 
pressing  the  tip  of  the  ring  finger  of  the  same 
hand  against  the  sclerotic  ;  the  lower  lid  is 
depressed  by  the  little  finger  of  the  right 
hand,  and  the  foreign  body  removed  by 
gently  raising  or  picking  it  out  with  the 
needle  or  ^  spud.  A  drop  of  oil  should  be 
placed  in  the  eye,  and  a  bandage  applied. 
If  the  foreign  body  be  very  deeply  im- 
planted, great  care  must  be  taken  not  to  perforate  the 
cornea  with  the  needle,  and  in  such  cases  a  general 
anesthetic  may  be  advisable.  The  ring  of  staining  left 
by  a  particle  of  metal  should,  if  possible,  be  removed 


Fig.  29.— Srui) 
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by  the  spud.  Iron  or  steel  may  be  extracted  by  a 
magnet. 

Burns  and  scalds  of  the  cornea  are  almost  in- 
variably associated  with  the  same  condition  of  the  con- 
junctiva, and  should  be  treated  in  the  same  way  (p.  68). 

Wounds  of  the  cornea  are  divided  into  non-per- 
forating and  perforating. 

Non-perforating  loouncls  are  generally  abrasions,  and 
the  most  common  cause  is  a  scratch  from  the  finger- 
nail of  an  infant.  They  are  accompanied  by  great  pain, 
nnisfc  be  treated  like  an  ulcer,  the  eye  heiug  firmly 
bandaged  afterwards. 

Perforating  loouncls  (fig.  31,  a),  other  than  operation 
wounds,  are  generally  complicated  by  prolapse  of  the 
iris,  injury  to  the  lens  and  other  parts  of  the  eye.  The 
signs  are  diminution  of  intra-ocular  tension,  shallow 
anterior  chamber,  and  contracted  or  irregular  pupil. 

Treatment  of  a  small  uncomplicated  wound  is  by  a 
pad  and  bandage  and  atropine  or  eserine  drops,  according 
to  its  position  ;  if  the  wound  is  an  extensive  one  it  may 
be  stitched  together.  In  a  complicated  case  the  treatment 
must  vary  according  to  the  nature  of  the  compHcation. 
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CHAPTEE  VI 

DISEASES  OF  THE  SCLEROTIC 

Anatomy. — The  sclerotic,  comprising  the  posterior 
five-sixths  of  the  protective  coat  of  the  eyeball,  varies  from 
1-25  mm.  in  thickness  near  the  optic  nerve  entrance 
to  "5  mm.  at  the  distance  of  5  mm.  from  the  corneal 
margin.  It  is  composed  of  very  firm,  tough  fibrous  con- 
nective tissue,  and  differs  from  the  cornea  (into  which  it 
passes  imperceptibly)  in  not  being  transparent.  Behind, 
it  is  continuous  with  the  sheath  of  the  optic  nerve. 
The  sclerotic  contains  blood-vessels,  and  these  are  most 
abundant  near  the  cornea,  where  a  marked  network 
exists  for  the  supply  of  nutriment  to  the  cornea;  this 
area  in  inflammation  forms  part  of  the  circumcorneal 
zone.  There  are  no  marked  lymphatic  vessels,  though 
_  numerous  lymphatic  spaces  exist  in  the  sclerotic,  which 
has  on  its  inner  surface  a  lymphatic  tract  separating  it 
from  the  choroid,  and  on  its  outer  surface  another  lymph 
space  between  it  and  the  capsule  of  Tenon.  The  most 
important  part  of  the  sclerotic  (fig.  64)  is  at  its  junction 
with  the  cornea,  where  are  situated  the  canal  of  Schlenwi, 
the  spaces  of  Fontana,  perforating  vessels,  ligamentum  pecti- 
natum  iriclis,  and  the  tendon  of  the  ciliary  muscle.  The 
canal  of  Schlemm,  situated  in  the  sclerotic,  forms  part 
of  the  main  filtration  system  of  the  eyeball,  by  which 
the  aqueous  humour  passes  out  into  the  anterior  ciliary 
veins.  Posterioriy,  2-5  mm.  internal  to  the  antero-posterior 
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axis  of  the  eyebah,  is  the  point  of  perforation  of  the  02)tic 
nerve,  and  at  this  spot  the  sclerotic  is  reduced  to  a  few 
interlacing  bundles,  to  which  the  name  of  lamina  cribrosa 
has  been  given.  The  weakest  parts  of  the  sclerotic  are 
at  the  entrance  of  the  optic  nerve,  as  shown  pathologically 
by  cupping,  and  on  either  side  of  the  insertions  of  the 
extrinsic  ocular  muscles,  where  rupture  of  the  eyeball 
most  frequently  occurs. 

Cong-enital  affections  of  the  sclerotic  are  mainly 
anomahes  of  pigmentation ;  some  ca  ses  have  been  re- 
corded in  which  the  sclerotic  is  of  a  bluish  plum  colour, 
and  a  few  of  these  were  associated  with  melanotic  sarcoma 
of  the  uveal  tract. 

SCLEEITIS,  or  inflammation  of  the  sclerotic,  may  be 
divided  into  superficial  and  deep.    Superficial  scleritis, 
better  known  as  episcleritis,  affects  the  structures  super- 
ficial to  the  sclerotic— namely,  the  subconjunctival  tissue 
and  the  anterior  portions  of  the  capsule  of  Tenon— and, 
as  a  rule,  exhibits  no  tendency  to  spread  to  the  deeper 
structures.     Deep  scleritis  involves  the  sclerotic  itself 
primarily,  and  secondarily  the  subjacent  uveal  tract  and 
other  parts.  Both  forms  are  especially  prevalent  in  rheu- 
matic patients,  are  prolonged  in  their  course,  apt  to  recm-, 
and  are  characterised  by  a  violet-shaded  vascularity,  due 
to  engorgement  of  the  episcleral  vessels.  The  two  divisions 
tend  "to  merge  into  each  other,  but  episcleritis  is  more 
patchy  in  its  vascularity,  recurs  more  frequently,  is  less 
painful,  and  does  not  affect  vision  as  much  as  deep  scleritis. 

Episcleritis  is  extremely  troublesome  owing  to  its 
chronic  course,  and  its  tendency  to  recurrences  and 
relapses,  though  it  is  seldom  dangerous  to  sight. 

The  symptoms  are  not  usually  well  marked,  beyond 
a  feeling  of  general  discomfort  in  the  eye,  though  there 
may  be  lachrymation  and  photophobia.  The  disease  is 
characterised  by  the  presence  of  vascular  inflammatory 
patches  of  a  pinkish  or  violet  colour,  generally  found 
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between  the  cornea  and  the  insertions  of  the  recti 
muscles.  The  conjunctiva  is  movable  over  the  blood- 
vessels of  the  patches,  which  may  be  slightly  raised  or 
nodular,  and  sometimes  much  resemble  phlyctenules. 
They  are  usually  situated  on  the  temporal  side,  but  the 
upper  quadrant  is  not  an  uncommon  seat,  and  here, 
under  the  upper  lid,  they  may  exist  for  some  time  with- 
out being  discovered,  owing  to  the  little  discomfort  they 
produce. 

Whilst  one  patch  is  disappearing,  another  will  often 
be  developing.  They  have  no  tendency  to  suppuration 
or  ulceration,  but  eventually  become  absorbed.  Vision  is 
unaffected  as  a  rule. 

Complications  and  sequelcB. — If  the  patch  of  episcleritis 
be  very  close  to  the  cornea,  this  membrane  may  become 
involved ;  the  episcleral  tissue  at  the  site  of  a  patch  may 
remain  permanently  of  a  slaty-blue  colour,  and  somewhat 
flattened  after  the  disappearance  of  all  inflammation. 

The  diseases  resembling  episcleritis  are  scleritis, 
phlyctenular  conjunctivitis,  and  gummata  of  the  sclerotic. 

CaMsa^zo7i.— Episcleritis  is  rarely  found  except  in 
adults,  and  occurs  more  often  in  the  female  sex,  especially 
in  those  with  menstrual  trouble.  The  rheumatic,  the 
gouty,  and  the  dyspeptic  are  its  chief  victims. 

Anaemia  and  syphihs  are  predisposing  causes. 

Treatment.— In  those  cases  in  which  there  is  but  httle 
discomfort  the  main  treatment  is  constitutional  and 
hygienic. 

In  the  acute  stage  it  is  best  to  order  atropine  drops 
'F.  1)  to  keep  the  pupillary  and  ciliary  muscles  at 
rest.  If  there  be  pain,  leeches  and  blisters  may  be  appHed 
to  the  temple.  Warm  fomentations  and.  saHcylate  lotion 
(F.  29)  are  soothing,  and  subconjunctival  injections  of 
perchloride  of  mercury  (1  in  5,000)  have  been  recom- 
mended. Massage  of  the  eye  is  often  very  effectual,  and 
should  be  carried  out  by  first  instilling  a  drop  of  cocaine, 
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and  then  five  minutes  afterwards  introducing  a  Uttle 
simple  ointment  into  the  eye.  The  lids  should  be  lightly 
rubbed  over  the  inflamed  patch  by  circular  movements 
with  the  finger.  If  the  complaint  be  very  chronic,  local 
stimulation  by  means  of  calomel  and  yellow  oxide  of 
mercury  ointment  (F.  40)  may  be  induced,  or  the  patches 
may  be  scraped  with  a  sharp  spoon.  Tinted  glasses  may 
be  worn  for  protection  of  the  eyes. 

Scleritis  {deep  scleritis)  is  generally  acute  and  ahnost 
always  associated  with  rheumatism  or  gout,  and  for  this 
reason  has  been  called  rheumatic  ophthalmia. 

The  symptoms  are  pain  and  tenderness  over  the  cihary 
re-ion  •  the  pain,  often  very  intense  (the  globe  feeling 
tight  and  ready  to  biirst),  is  dull,  heavy,  and  aching  m 
character,  and  is  transmitted  along  the  supra-orbital  and 
nasal  branches  of  the  ophthalmic  nerve,  being  most  severe 
at  night  or  in  the  early  morning.  There  is  great  tenderness 
on  pressure,  often  with  increase  of  tension  which  may 
end  in  glaucoma.    The  disease  commences  with  extreme 
vascularity  of  the  conjunctival  and  episclera  vessels, 
which  may  be  in  patches  as  in  episcleritis,  but  the  con- 
gestion soon  tends  to  become  general  and  of  a  dusky 
reddish-blue  colour  ;  there  is  sometimes  oedema  of  the 
coniunctiva.    There  may  be  also  lachrymation,  photo- 
phobia a  mucous  or  mucopurulent  discharge,  and  much 
diminution  of  the  acuteness  of  vision,  even  at  an  early 
stage,  owing  as  a  rule  to  the  opacities  in  the  vitreous. 

Complications  and  seqiiel<^.-ln  rheumatic  patients 
the  affection  is  probably  never  confined  to  the  sclera  ; 
the  cornea  is  frequently  involved  by  spreading  of  the 
inflammation  to  its  fibrous  tissue,  producmg  nebulce  and 
sometimes  ulcers.  Iritis,  cychtis,  and  uveitis  often 
supervene,  and  opacities  in  the  vitreous  are  common.  In 
severe  ca;es  thinning  and  staphylomatous  bulgmgs  of 
the  sclerotic  occur,  especially  anteriorly. 

The  prognosis  is  unfavourable  in  most  cases  asregaids 
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viltimate  vision,  owing  to  the  implication  of  the  uveal  tract ; 
but  it  is  extraordinary  how  cases  tend  to  clear  up,  and 
how  vision  returns,  even  when  reduced  to  the  counting  of 
fingers.  Patients  should  be  warned  of  the  likelihood  of 
recurrence,  and  of  the  necessity  for  avoiding  such  pre- 
disposing causes  as  exposure  to  cold  and  climatic  influence, 
especially  in  the  spring. 

The  treatment,  unless  contra-indicated,  should  be 
vigorous  from  the  first.  A  purgative  such  as  calomel  should 
be  given  at  once,  and  two  to  six  leeches  apphed  to  the 
temples  to  relieve  the  pain  and  congestion.  When  the 
bowels  have  acted,  a  mixture  of  colchicum  aconite  and 
quinine,  salicylate  of  soda,  or  mercury  with  chalk,  may 
be  administered. 

The  pupil  must,  if  possible,  be  kept  dilated  with  atropine 
and  the  tension  carefully  watched ;  fomentations  as  bella- 
donna give  great  relief,  and  the  eye  should  be  bandaged. 

When  the  inflammatory  symptoms  have  abated,  tinted 
glasses  should  be  worn,  and  great  attention  paid  to 
dietetic  and  hygienic  conditions.  As  the  disease  is  liable 
to  relapse,  a  change  of  air  is  essential,  green  fields  being 
preferable  to  the  glare  of  the  seaside.  The  eyes  must  be 
rested  as  much  as  possible,  and  bright  hghts  avoided. 

BULGINGS  OF  THE  SCLEROTIC  are  met  with  in  two 
forms:  (1)  As  localised  bulgings  (staphylomata) ;  (2)  a 
general  expansion. 

Xiocalised  scleral  staphylomata  are  divided  into 
anterior  and  posterior ;  and  with  the  anterior  are  included 
those  which  occur  at  the  equator,  known  as  equatorial. 

Anterior  scleral  sta-phylomata  are  found  in  the  portion 
of  the  sclerotic  adjoining  the  cornea,  and  appear  as  bluish 
or  slate-coloured  shining  prominences,  over  which  some 
blood-vessels  can  be  seen  to  ramify.  When  multiple, 
they  tend  to  become  confluent,  and  may  form  an  annular 
staphyloma  surrounding  the  cornea. 

If  a  staphyloma  occurs  suddenly  during  an  attack  of 
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cyclitis  it  may  have  been  preceded  by  severe  neuralgic 
pain,  with  much  tenderness  of  the  whole  globe.  It  may 
be  accompanied  by  deep  vascular  congestion,  but  generally 
there  are  no  marked  symptoms. 

The  tension  of  the  eye  is  raised  or  normal,  and  some- 
times inflammation  of  the  cornea,  iris,  and  the  rest  of  the 
uveal  tract  is  present. 

After  lasting  some  time,  arrest  of  growth  may  take 
place,  but  rupture  occasionally  occurs  and  leads  to 
shrinking  of  the  globe. 

Equatorial  hulgings,  from  their  situation,  are  some- 
times difficult  to  see. 

Causation. — Anterior  staphylomata  are  generally 
secondary  to  inflammation  of  the  uveal  tract,  vnth  com- 
phcations,  but  may  follow  scleritis. 

The  prognosis  is  unfavourable  owing  to  the  tendency 
of  the  bulging  to  increase.  In  the  early  stages  the  treat- 
ment should  be  directed  towards  arresting  the  growth  of 
the  staphyloma  by  constitutional  means,  as  mercury ;  by 
the  local  application  of  atropine  or  eserine ;  by  leeches 
to  the  temporal  region,  and  by  firm  pressure  with  a 
bandage.  If  the  bulging  still  increases,  repeated  para- 
centeses of  the  anterior  chamber,  combined  with  firm 
bandaging,  are  to  be  recommended,  or  an  iridectomy  may 

be  performed. 

Failing  this,  the  staphyloma  should  be  incised  or 
removed  by  an  elliptical  incision  and  the  edges  of  the 
wound  stitched  together.  If  the  deformity  is  great, 
evisceration  or  excision  of  the  eyeball  is  called  for. 

Posterior  hulgings  are  only  to  be  seen  in  the  living 
eye  by  means  of  the  ophthalmoscope,  since  they  occur 
in  the  vicinity  of  the  optic  nerve,  and  are  almost  always 
associated  with  myopia.  By  the  ophthalmoscope,  posterior 
staphylomata  appear  as  white  crescentic  depressed  patches 
with  the  concavity  embracing  the  optic  disc  (fig.  41). 

General  exjoansion  of  the  sclerotic  is  found  in  the 
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young,  and  is,  as  a  rule,  associated  with  staphyloma  of 
the  cornea.  One  form,  in  which  the  cornea  participates 
in  the  enlargement,  is  known  as  buphthalmos  (p.  273). 

OPERATIONS. — By  sclerotomy  is  understood  the 
division  of  the  sclerotic,  generally  above,  in  such  a  way 
that  the  section  lies  as  far  back  in  the  anterior  chamber 
as  possible,  a  bridge  of  sclerotic  being  left  in  the  middle. 
It  is  performed  for  the  relief  of  glaucomatous  symptoms, 
but  I  have  found  it  of  little  use  except  in  cases  where  an 
iridectomy  has  failed  to  keep  down  the 
tension.  I 

Instruments. — Speculum    (fig.  23),  l 
fixation  forceps  (tig.  19),  a  Graefe's 
knife  (fig.  57),  and  tortoiseshell  spatula  i 
(fig.  30)  or  curette  (fig.  25).  , 

The  prehminary  steps  are  the  same  r 
as  for  iridectomy  (p.  117),  and  the  pupil 
if  possible  should  be  contracted  under 
eserine. 

Operation. — The  operator,  standing 
behind  the  patient's  head,  fixes  the  con- 
junctiva with  the  forceps  about  1  mm. 
below  the  cornea,  and  depresses  the  eye. 
He  then  makes  a  puncture  with  the 
knife   through    the   conjunctiva  and 

sclerotic  on  the  temporal  side,  about 
1  c  I!  1  •  n    Fig.  30. — Toktoise- 

I'O  mm.  from  the  corneal  margin,  and      shell  Spatul.\ 

at  the  junction  of  the  upper  sixth  with 

the  lower  five-sixths  of  the  cornea.     He  next  passes 

the  knife,  with  great  care,  across  the  anterior  chamber, 

and  makes  the  counter-puncture  at  a  point  on  the  nasal 

side  of  the  sclerotic  corresponding  to  the  original  puncture. 

The  knife  is  now  made  to  cut  its  way  upwards  through 

the  sclerotic,  by  to-and-fro  movements,  until  a  small 

bridge  of  sclerotic,  about  2  mm.  broad,  is  left  undivided, 

when  the  knife  is  slowly  witlidrawn.    In  many  cases 


104       OPHTHALMIC  SURGERY  AND  MEDICINE 


there  is  prolapse  of  the  iris  into  the  operation  wound,  which 
must  be  replaced  with  a  spatula  or  curette,  and  eserine 
(F.  13)  used  to  keep  the  pupil  contracted.  The  eye  must 
be  bandaged  for  at  least  24  hours. 

Scleral  jnmckires  by  a  keratome  or  Graefe's  knife 
may  be  done  in  any  part  of  the  sclerotic,  generally  about 
the  equator  of  the  eye,  and  in  an  antero-posterior  direc- 
tion. They  are  performed  for  the  relief  of  glaucomatous 
symptoms ;  as  a  prehminary  step  to  an  iridectomy  for 
glaucoma,  when  the  anterior  chamber  is  very  shallow; 
and  also  to  let  out  the  fluid  in  detachment  of  the 
retina. 

INJURIES  OP  THE  SCLEROTIC— Burns  and  scalds 

of  the  conjunctiva  may  also  implicate  the  sclerotic,  es- 
pecially if  neglected.  The  ulcer  produced  is  very  chronic, 
and  gives  rise  to  a  slough,  which  takes  a  long  time 
to  separate,  owing  to  the  want  of  vascularity  of  the 
sclerotic.  In  the  more  severe  cases  perforation  may 
take  place,  followed  by  loss  of  vitreous,  and  even  pan- 
ophthalmitis. 

The  treatment  is  to  promote  vascularity  by  fomenta- 
tions, and  to  stimulate  the  ulcer  by  iodoform,  or  by  the 
actual  cautery. 

Rupture  of  the  sclerotic  results  from  blows  by 
the  fist,  by  some  blunt  instrument,  or  by  the  patient 
striking  his  eye  against  some  obstacle.  They  are  among 
the  most  severe  injuries  to  the  eye ;  the  sight  is  frequently 
lost,  and  the  eye  in  many  cases  has  to  be  excised.  The 
rupture  occurs,  as  a  rule,  between  the  edge  of  the  cornea 
and  the  insertion  of  the  recti  muscles.  The  symptoms 
and  treatment  are  the  same  as  in  perforating  wounds  of 
the  sclerotic. 

Perforating"  wounds  of  the  sclerotic  are  produced 
by  sharp  instruments,  as  a  knife,  hook,  scissors ;  or  by 
blunt  instruments  if  sufficient  force  be  employed. 

The  syviptoms  are  diminution  of  intra-ocular  tension, 
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and,  as  a  rule,  a  certain  loss  of  vision.  In  many  cases 
the  seat  of  injury  (fig.  31,  h)  can  be  seen,  with  vitreous 
fluid,  blood  and  uveal  pigment  exuding  from  the 
wound.  There  is  generally  hgemorrhage  into  the  vitreous 
and  aqueous  chambers,  which  prevents  a  clear  view 
of  the  fundus  being  obtained. 
In  some  cases  the  lens  ixiay 
escape  through  the  wound, 
and  frequently  serious  injury, 
as  detachment  of  the  retina 
or  ruptuiLe  of  the  choroid, 
ensues. 

Treatment— In  all  cases    pi^j.  3i._pebfoeating  Wounds 

the  history  of  the  injury  must        .o^neal ;  h,  scleral ;  c,  sclero-oorneal 

be  carefully  investigated,  and 

the  instrument  examined  as  to  the  likelihood  of  a  foreign 
body  being  in  the  eye ;  ophthalmoscopic  examination 
as  far  as  possible  should  be  made,  though  the  want  of 
transparency  in  the  media  as  a  rule  renders  this  extremely 
difficult. 

The  injury  is  much  complicated  by  the  presence  of 
a  foreign  body,  which  may  be  removed  by  a  fine  pair  of 
forceps,  or,  if  of  iron  or  steel,  by  an  electro-magnet. 

If  the  scleral  wound  is  small,  the  conjunctiva  should 
be  stitched  over  it ;  but  if  it  be  large,  the  sclerotic  itself 
should  be  sutured.  This  is  best  done  by  means  of  a  piece 
of  fine  silk  with  a  needle  at  either  end ;  each  needle  is 
passed  through  the  wound  and  pierces  the  sclerotic  at 
opposite  sides  of  the  wound  from  within  outwards.  The 
patient  must  afterwards  be  kept  at  rest,  with  both  eyes 
bandaged,  and  a  cold  compress  or  Leiter's  tube  (fig.  105) 
applied  to  the  injured  eye.  The  danger  in  all  these  cases 
is  that  the  instrument  producing  the  injury  is  not  clean 
in  which  case  sepsis  may  ensue. 

Sclero-corneal  wounds  (fig.  31,  c)  are  more 
dangerous,  as   a  rule,   than   corneal  or  scleral,  from 
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the  implication  of  the  ciliary  body,  and  therefore  are 
more  likely  to  set  up  sympathetic  ophthalmitis.  Till  a  few 
years  ago  the  rule  was  to  excise  all  eyes  with  a  sclero- 
corneal  wound,  but  now^,  owing  to  the  care  exercised 
in  rendering- wounds  aseptic,  the  danger  of  these  injuries 
is  greatly  lessened.  They  should  be  treated,  unless  the 
complications  are  severe,  as  other  wounds  of  the  sclera, 
but  it  is  very  important  that  the  patient  should  be  seen 
from  time  to  time.  He  must  be  warned  of  the  danger 
likely  to  ensue  if  the  injured  eye  becomes  inflamed  or 
tender,  or  if  the  sight  of  the  other  eye  deteriorates. 
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CHAPTBE  VII 

DISEASES  OP  THE  lEIS 

Anatomy. — The  uveal  tract  or  vascular  coat  of  the 
eye  may  be  divided  into  three  portions  from  before  back- 
wards, the  iris,  the  ciUary  body  and  the  choroid.  It  must 
be  remembered  that  as  histologically  and  embryologicaUy 
they  are  identical,  so  pathologically  disease  in  one  part  of 
the  tract  is  frequently  found  in  the  others. 

The  iris  is  the  coloured  portion  observed  on  looking 
at  the  eye,  and  acts  as  a  diaphragm,  the  central  aperture 
(seen  black  by  the  naked  eye)  being  known  as  the  pupil. 
On  examination  by  focal  illumination  the  iris  may  be 
seen  to  consist  of  a  slightly  elevated  pupillary  portion, 
corresponding  to  the  situation  of  the  sphincter  pupillse 
muscle,  and  a  ciliary  portion  arranged  in  radiating  folds, 
between  which  are  slight  depressions,  known  as  the 
crypts.  These  details  are  best  observed  by  means  of  a 
strong  platyscopic  lens. 

Histologically,  the  iris  may  be  divided  into  two  parts, 
the  mesoblastic  or  anterior,  and  the  epiblastic  or 
posterior.  The  anterior  or  thicker  portion,  lined  by 
endothelium  continuous  with  that  of  the  membrane  of 
Descemet,  consists  chiefly  of  a  reticular  form  of  con- 
nective tissue  made  up  of  spindle-shaped  ceUs  and  elastic 
fibres.  Behind  this  are  the  blood-vessels,  held  together 
by  a  similar  connective  tissue  containing  pigmented  cells, 
nerve  fibres  and  the  musculature  of  the  iris. 
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Surrounding  the  pupil  is  tlie  sphincter  iridis,  com- 
posed of  unstriped  muscular  fibres. 

The  pigment  cells  in  the  anterior  parts  of  the  iris 
account  for  the  variation  in  its  colour ;  in  a  brown  iris 
there  is  a  large  amount  of  pigment,  whilst  in  blue  irides 
this  pigment  is  scanty  or  absent.  All  infants  at  birth 
have  blue  irides. 

The  posterior  or  epiblastic  division  of  the  iris  consists 
of  two  layers  of  pigmented  epithelium  (except  in  albinos) 
continuous  with  the  pigment  layer  of  the  retina.  The 
blood-vessels  of  the  iris  are  derived  from  the  long  ciliary 
branches  of  the  posterior  ciliary  and  from  the  perforating 
branches  of  the  anterior  ciliary. 

The  nerve  supply  is  from  the  plexus  in  the  ciliary 
body  by  the  long  and  short  ciliary  nerves,  from  the  third, 
the  nasal  branch  of  the  ophthalmic,  and  the  sympathetic. 

The  physiological  functions  are  described  at  p.  125. 
The  great  sensibility  of  the  iris  to  pain  is  due  to  its 
extensive  nerve  supply  from  the  nasal,  and  its  hability 
to  congestion  to  its  free  blood  supply. 

CONGENITAL  DEFECTS.— Irideremia  Upyjf^la,  want), 
aniridia,  or  absence  of  the  iris,  is  a  very  rare  condition, 
and  is  generally  accompanied  by  dimness  of  vision, 
nystagmus,  and  congenital  opacities  in  the  lens  and 
cornea.  The  affection  may  be  complete  or  partial,  and, 
as  a  rule,  occurs  in  both  eyes. 

Coloboma  (KoA.d/3w/Aa,  mutilation)  is  a  cleft  in  the 
iris  looking  like  a  perfectly  made  iridectomy  ;  it  is  almost 
always  situated  downwards,  or  downwards  and  inwards, 
and  is  due  to  arrest  during  foetal  life  of  the  closure  of 
the  choroidal  fissure.  The  sphincter  pupilliB  lines  the 
pupillary  edge  of  the  cleft.  It  may  be  combined  wnth 
coloboma  of  the  ciHary  body,  choroid,  or  more  rarely  of 
the  lens. 

Persistent  pupillary  membrane  and  capsulo- 
pupillary  membrane  are  the  remains  of  a  vascular 
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structure  which  stretches  across  the  pupil  during  the 
greater  part  of  foetal  life,  and  normally  should  disappear 
at  the  seventh  month.  The  remains  are  greyish,  and 
spring  from  the  anterior  surface  of  the  iris  at  a  Uttle 
distance  from  its  pupillary  edge  ;  they  may  either  stretch 
from  one  side  of  the  iris  to  the  other  {'puinllary  viemhrane), 
or  from  the  iris  to  the  capsule  of  the  lens  [capsulo- 
pupillary).  The  bands  are  very  elastic,  and  allow  the 
pupil  to  dilate  and  contract  without  producing  marked 
irregularity,  as  is  the  case  with  posterior  synechias,  from 
which  they  are  also  distinguished  by  the  fact  that  they 
do  not  start  from  the  pupillary  margin. 

Keterophthalmos  {heterochromia  iridis)  is  the  term 
applied  to  the  condition  in  which  one  iris  may  differ  in 
colour  from  the  other,  or  may  itself  be  of  two  different 
colours. 

Corectopia  {Koprj,  pupil ;  Ik,  out  of ;  toVos,  place)  is  a 
malposition  of  the  pupil,  which  may  be  as  far  from  the 
centre  of  the  iris  as  the  corneal  margin. 

Polycoria  (ttoA.!)?,  many ;  Kop-q,  pupil)  is  the  condition 
in  which  there  are  orifices  in  the  iris  tissue  forming 
supernumerary  pupils.  These  apertures  are  separated 
from  the  normal  pupil  by  a  bridge  of  varying  thickness. 

lEITIS,  or  inflammation  of  the  iris,  varies  greatly  in 
its  severity ;  some  cases  are  very  acute  in  onset  and  in 
course,  others  scarcely  show  any  general  ocular  signs  of 
inflammation.  In  its  incipient  stages  it  is  characterised 
by  supra-orbital  pain  and  aching  of  the  eye,  dimness  of 
vision,  lachrymation,  circumcorneal  zone,  and  contraction 
of  the  pupil.  The  following  signs  and  symptoms  are 
found  more  or  less  marked  in  every  case  of  iritis,  and 
are  here  arranged  with  reference  to  the  state  of  the  iris 
itself,  the  condition  of  the  pupil  and  anterior  chamber, 
and  the  adjacent  parts  of  the  eye.  The  iris  is  dull  instead 
of  being  finely  pohshed,  its  markings  are  ill-defined,  the 
colour  becomes  altered,  and  the  general  texture  appears 
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thickened.  All  these  alterations  are  due  to  congestion 
of  the  iris  with  exudation  of  cells  and  lymph  into  its 
substance,  and  to  changes  in  the  anterior  chamber.  The 
exudation  fills  up  the  crypts  and  reaches  the  anterior 
surface,  leading  to  loss  of  polish,  disappearance  of  the 
beautiful  markings,  and  in  consequence  the  iris  appears 
swollen  and  thickened,  especially  at  its  pupillary  margin. 

Change  of  colour  is  generally  very  manifest — a  blue 
iris  appearing  green,  and  a  brown  iris  muddy.  Occasion- 
ally in  severe  cases,  especially  those  which  have  lasted 
a  long  time,  tortuous  blood-vessels  can  be  seen  on  the 
surface  of  the  iris.  The  pupil  is  contracted,  irregular, 
and  sluggish  in  its  movements.  The  irregularity  is  due 
to  surface  exudation,  which  in  this  case  appears  behind 
and  gums  the  posterior  surface  of  the  pupillary  border 
of  the  iris  to  the  anterior  capsule  of  the  lens  {jjosterior 

synechia).  The  irregularities 
and  adhesions  are  well  seen 
after  the  instillation  of  atro- 
pine (fig.  32). 

The  contents  of  the  an- 
terior chamber  are  turbid  ;  its 
depth  may  be  increased  or 
normal. 

On  the  back  of  the  cornea 
there  frequently  occur  minute 
dust-like  deposits ;  and  on  the  anterior  cajmile  of  the 
ens  are  small  patches  of  uveal  pigment  left  from  pos- 
terior synechias. 

In  the  sclerotic  immediately  surrounding  the  cornea 
there  is  a  well-marked  pink  circumcorneal  zone,  about  one- 
eighth  of  an  inch  wide,  but  not  always  noticeable  owing 
to  general  congestion  of  the  eyeball. 

The  tension  of  the  eyeball  is  either  increased  or  normal. 
The  symptoms  common  to  all  forms  of  iritis  are  pain, 
lachrymation,  photophobia,  and  diminution  of  acuteness 


Fig.  32. — Pupil    dilated  by 
Atropine  showing  Postemob 

SyNECHIA  AND  UvEAL  PIGMENT 

Patches  on  Anteriob  Capsule 
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of  vision.  Tlie  pain  is  neuralgic  in  character,  shooting 
and  throbbing;  it  is  worse  at  night  or  in  the  early 
morning,  and  is  referred  along  the  ophthalmic  division  of 
the  fifth  nerve,  especially  its  supra-orbital  branch.  Accom- 
panying the  pain  there  is  tenderness  over  the  supra-orbital 
notch. 

The  laclirymation  and  photophobia  vary  considerably 
in  degree. 

Acutmess  of  vision  may  be  normal  in  uncomplicated 
cases,  but  is  usually  shghtly  diminished  from  turbidity 
of  the  aqueous  humour,  and  deposits  on  the  anterior  cap- 
sule of  the  lens,  and  on  Descemet's  membrane. 

Though,  without  other  signs  of  constitutional  disease, 
one  cannot  say  definitely  that  a  case  is  syphilitic  iritis, 
rheumatic  iritis,  &c.,  yet  there  are  certain  peculiarities 
confined  to  special  varieties,  and  a  slight  account  of  the 
distinctive  features  is  given  below. 

Syphilitic  iritis  is  an  early  or  late  manifestation  of 
the  secondary  stage  of  acquired  syphilis,  but  sometimes 
occurs  in  the  hereditary  form.  In  most  cases  it  is  acute, 
attacking  both  eyes,  as  a  rule  one  before  the  other,  at 
intervals,  and  seldom  relapses.  It  is  accompanied  by 
the  exudation  of  lymph  in  the  neighbourhood  of  the 
pupil,  and  this  lymph  may  either  assume  the  form  of  one 
or  more  distinct  yellowish  nodules,  or  may  produce  a 
general  thickening  of  the  pupillary  ring.  The  pain  is 
not  very  great.  Some  cases,  without  great  effusion  of 
lymph  and  associated  with  well-marked  punctate  keratitis, 
are  found  both  in  acquired  and  hereditary  syphilis  as  a 
very  late  manifestation  of  the  disease.' 

Rheumatic  iritis  is  extremely  prone  to  relapse  and 
frequently  only  attacks  one  eye  ;  the  effusion  of  lymph  is 
not  very  marked  or  nodular.    Eelapses  often  occur  at 

'  '  On  the  Iriti-g  of  the  Later  Stages  of  Syphilis,'  by  W.  H. 
Brailey,  Trans.  Ophth.  Soc.  vol.  xv.  p.  93. 
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the  same  time  of  year  as  the  original  attack.  The  pain 
and  accompanying  neuralgia  are  generally  severe.  A 
form  of  rheumatic  iritis,  sometimes  called  g-onorrhoeal 
iritis,  is  found  in  patients  with  prolonged  gleet  and 
gonorrhoeal  rheumatism. 

Suppurative  iritis  is  usually  traumatic,  associated 
with  hypopyon,  and  is,  as  a  rule,  a  part  of  a  general  pan- 
ophthalmitis. 

G-outy  iritis  is  an  insidious  form  met  with  in  gouty 
subjects,  and  may  be  attended  by  a  spongy  exudation  in 
the  anterior  chamber. 

Foetal  iritis  occurs  sometimes  during  intra-uterine 
life,  and  is  accompanied  by  uveal  pigmentation  on  the 
anterior  capsule  of  the  lens,  presenting  a  mossy  appear- 
ance, and  is  associated  with  opaque  milk-like  spots  in  the 
lens. 

Quiet  iritis  ^  is  the  name  given  to  those  cases  un- 
accompanied by  pain,  photophobia,  and  ciUary  conges- 
tion, in  which  posterior  synechiae  and  the  other  results 
of  iritis  take  place  insidiously.  This  form  is  commonly 
associated  with  congenital  syphihs  or  a  rheumatic  or 
gouty  tendency. 

Course  and  progress  of  iritis. — The  disease  mostly 
attacks  one  eye  at  a  time,  but  occasionally  implicates 
both  at  once.  An  attack  of  acute  iritis  may  last  only  a 
few  days  or  continue  for  a  month  or  longer,  and  if 
neglected  it  may  end  in  loss  of  sight. 

Causation— "^^iG  exciting  causes  of  iritis  are  exposure 
to  changes  of  temperature,  especially  cold  ;  over- work, 
inducing  fatigue  of  the  iris  ;  bright  hght ;  and  a  depressed 
state  of  general  health.  Iritis  is  a  complication  of  certain 
constitutional  diseases  and  diatheses,  such  as  rheumatism, 
syphihs,  gout,  and  tubercle,  and  it  may  also  have  a 

'  '  Quiet  Iritis,'  by  J.  Hutchinson,  jun..  Trans.  Ophth.  Soc.  vol. 
viii.  p.  117. 
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traumatic  origin  or  be  secondary  to  inflammation  of 
the  cornea,  sclerotic,  and  the  other  parts  of  the  uveal 
tract. 

Complications  and  sequelcz.  —  The  most  common 
sequela  is  the  presence  of  one  or  more  posterior  synechice, 
and  when  the  whole  pupillary  border  is  adherent  to  the 
lens  capsule  by  synechiae,  the  term  annular  synechia  is 
appHed.  As  a  consequence  of  the  latter  condition  the 
fluids  behind  the  iris,  being  unable  to  reach  the  anterior 
chamber,  cause  the  non-adherent  parts  of  the  iris  to 
bulge  forward  {Iris  homhe).  The  periphery  of  the  iris 
may  become  adherent  to  the  cornea  at  the  iridic  angle, 
producing  secondary  glaucoma.  Organised  exudation  of 
lymph  may  lead  to  occlusion  of  the  pupil.  The  colour 
and  appearance  of  the  iris  may  remain  permanently 
altered,  and  in  some  cases  patches  of  black  pigment  occur 
on  its  anterior  surface,  having  migrated  from  the  uveal 
pigment  at  the  pupillary  margin.  Atrophy  of  the  iris 
follows  repeated  attacks  of  iritis,  and  can  be  recognised 
by  grey  patches  and  sometimes  holes,  through  which  the 
red  reflex  can  be  seen  by  the  ophthalmoscope.  Deposits 
are  left  on  the  anterior  capsule  of  the  lens  and  on 
Descemet's  membrane,  and  cyclitis  and  choroiditis  may 
also  result. 

Pathology. — There  is  an  exudation  of  round  cells  and 
lymph  into  the  tissue  proper  of  the  iris,  producing 
thickening  and  sweUing  of  the  stroma,  and  thus  obscuring 
the  delicate  markings  on  its  anterior  surface.  This 
exudation  finds  its  way  into  the  anterior  chamber,  and 
leads  to  turbidity  of  the  aqueous  humour,  and  to  deposits 
upon  Descemet's  membrane,  and  the  anterior  capsule  of 
the  lens.  At  the  posterior  aspect  of  the  iris  the  exudation 
unites  the  pupillary  border  to  the  anterior  capsule  of  the 
lens,  producing  posterior  synechias.  If  the  exudation  is 
extreme  it  is  seen  as  plastic  lymph.  The  engorgement 
of  the  blood-vessels  associated  with  the  inflammatory 
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changes  produces  contraction  of  the  pupil  {congestion 
miosis). 

Diagnosis. — Incipient  iritis  may  be  mistaken  for  con- 
junctivitis, but  the  pink  colour  of  the  congested  episcleral 
tissue,  and  the  sluggishness  of  the  pupillary  movements, 
together  with  the  alterations  in  colour  and  appearance  of 
the  iris,  should  suggest  iritis.  All  doubts  may  be  set  at 
rest  by  observing  if  the  pupil  dilates  properly  to  atropine 
or  homatropine. 

Prognosis. — This  so  far  as  concerns  duration  depends 
on  the  severity,  cause,  treatment,  and  presence  of  com- 
phcations.  If  the  adhesions  be  but  few,  and  soon  broken 
down,  the  attack  will  probably  be  short.  Syphilitic  cases 
clear  up  as  a  rule  very  well,  except  when  the  deeper 
parts  of  the  eye  are  also  involved.  Eheumatic  and 
gouty  iritis  have  a  slower  course,  and  are  hable  to  recm'. 
In  these  latter  cases,  if  synechiaj  still  remain  after  an 
attack,  there  is  greater  probability  of  a  recurrence.  Vision 
is  often  completely  restored,  even  when  it  has  been  greatly 
reduced  owing  to  the  attack. 

Local  treatment  must  be  directed:  (1)  To  iiuluce 
mydriasis  and  keep  the  iris  at  rest ;  (2)  To  relieve  pain 
and  congestion ;  (3)  To  avoid  irritation  of  the  eyes.  ^ 

1.  The  most  essential  point  is  the  production  of 
mydriasis.  In  the  normal  or  moderately  dilated  pupil 
the  pupillary  border  is  in  contact  with  the  anterior 
capsule  of  the  lens,  but  in  the  widely  dilated  pupil  of 
atropine  the  posterior  iridic  surface  leaves  the  capsule 
of  the  lens  owing  to  the  convex  shape  of  the  latter, 
'  and  therefore  adhesions  do  not  so  readily  take  place. 
Atropine  mydriasis  thus  prevents  the  formation  of  syne- 
chiiB,  and  breaks  them  down  if  not  too  firmly  adherent,  and 
at  the  same  time  gives  rest  to  an  inflamed  structure,  and 
is  most  elfectively  induced  by  drops  (F.  1)  or  ointment 
(P.  2).  The  atropine  is  to  be  applied  every  two  hours 
at  first,  until  dilatation  has  been  effected,  and  afterwards, 
three  or  four  times  a  day.    If  the  pupil  does  not  dilate 
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completely,  a  4  p.c.  solution  of  cocaine  should  be  dropped 
into  the  eye,  immediately  after  the  atropine,  as  the  combina- 
tion has  a  more  rapid  and  powerful  effect.  In  some 
patients  atropine  produces  irritation,  shown  by  an  ecze- 
matous  condition  of  the  lids,  or  even  poisoning  symptoms  ; 
in  such  cases  datm-ine  (P.  7)  or  scopolamine  (P.  8)  may 
be  substituted. 

In  cases  where  high  tension  is  present,  leeches  should 
be  first  tried  and,  faihng  this  treatment,  eserine  may  be 
used ;  if  the  case  can  be  carefully  watched,  atropine,  by 
breaking  down  the  adhesions,  often  relieves  the  symptoms. 

2.  To  relieve  pain  and  congestion  fomentations  of  bella- 
donna (F.  4),  poppy  (P.  39),  or  boroglyceride  (P.  38) must  be 
used ;  leeches  (one  or  two  at  a  time)  to  the  temple  give 
most  relief  to  pain,  whilst  in  severe  cases  subcutaneous 
injections  of  morphia  may  be  necessary.  Atropine,  used 
chiefly  to  produce  mydriasis,  has  also  a  sedative  effect. 
Dry  as  well  as  moist  heat  may  be  employed.  Cold 
appHcations  ought  not  to  be  used  except  in  traumatic 
cases.    In  every  case  the  eye  must  be  bandaged. 

3.  Irritation  of  the  eyes  may  be  prevented  by  re- 
fraining from  near  work  and  reading  with  the  sound 
as  well  as  with  the  affected  eye,  and  by  avoiding  bright 
Hght,  not  necessarily  living  in  a  darkened  room,  but 
wearing  shades  or  tinted  glasses. 

Operative  measitrcs. — In  iritis  with  persistent  high 
tension,  paracentesis  of  the  anterior  chamber  may  be 
performed  to  reduce  the  tension.  In  recurrent  iritis 
when  posterior  synechige  are  present,  iridectomy  may  be 
performed  after  two  or  three  attacks.  This  operation 
has  undoubtedly  prevented  recurrence,  but  should  never 
be  performed  during  an  attack. 

Constitutional  treatment  must  be  modified  according  to 
the  form  of  the  disease,  but  in  most  cases,  unless  contra- 
indicated,  small  doses  of  mercury  should  be  administered. 

In  the  acute  stage,  patients  should  be  kept  in  bed,  and 
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when  allowed  to  get  up,  must  live  in  an  even  temperature 
and  draughts  be  carefully  avoided. 

TUMOUES  OF  THE  IRIS  are  divided  into  inflammatory 
and  new  growths. 

Inflammatory  tumours.  Infective  g-ranulo- 
mata. — The  syphilitic  are  small  rounded  elevations 
about  the  size  of  a  millet  seed  occurring  near  the  pupil- 
lary border  ;  occasionally  there  may  be  a  single  tumour, 
which  may  grow  and  fill  the  anterior  chamber. 

Tubercular  deposits  are  yellowish  in  colour,  associated 
with  plastic  iritis  ;  they  generally  occur  in  one  eye 
only,  and  end  in  its  destruction.  Pathologically,  they 
consist  of  masses  of  round  cells,  amongst  which  are  giant 
cells  and  tubercle  baciUi. 

New  g'rowths. — The  Innocent  are  generally  cysts. 
Two  varieties  are  met  with,  one  transparent,  containing 
serum,  and  the  other  grey  in  colour,  having  epithelial 
contents  {pearl  cysts).  Besides  these,  cysticercus  is  met 
with,  growing  from  the  iris  into  the  anterior  chamber.  If 
the  cysts  tend  to  increase  in  size  they  must  be  removed, 
with  the  portion  of  the  iris  from  which  they  grow,  by 
iridectomy.  A  Melanoma  is  occasionally  to  be  found,  and 
may  be  mistaken  for  sarcoma. 

Blalig-nant.  —SarcomaiB  of  rare  occurrence ;  it  springs 
from  the  anterior  surface  of  the  iris,  and  is  generally 
pigmented.  The  treatment  consists  in  the  removal  of 
the  growth,  if  small,  with  a  portion  of  the  ms ;  but  if 
large,  excision  of  the  eyeball  must  be  resorted  to. 

OPERATIONS. — Iridectomy  or  excision  of  a  portion 
of  the  iris  is  performed  (1)  to  improve  the  sight  in  cases 
of  corneal  opacity,  lamellar  cataract,  and  anterior  polar 
cataract ;  (2)  as  a  remedial  measure  in  glaucoma,  re- 
current iritis,  complete  posterior  synechia,  tumours  of  tbe 
iris,  and  injury  ;  (3)  as  a  part  of  the  operation  of  cataract 
extraction,  either  at  the  time  of  the  extraction  or  as  a  pre- 
liminary procedure  to  the  same. 
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Iridectomy  by  a  corneal  incision. — Instruments 
required  are  speculum  (fig.  23),  fixation  forceps  (fig.  19), 
a  knife  (keratome)  (fig.  33),  iris  forceps  (fig.  34),  iri- 
dectomy scissors  (fig.  35),  and  a  curette  (fig.  25)  or 
tortoiseshell  spatula  (fig.  30).  The  instruments,  with  the 
exception  of  the  knife,  must  be  boiled, 
and  then  placed  in  a  dish  containing 
boracic  or  carbolic  lotion.  The  knife 
should  be  dipped  into  absolute 
alcohol  just  before  being  used. 

Ancesthetics. — As  the  operation  is 
a  painful  one,  a  general  angesthetic 


11 


Fig.  33. — Keratome 


Pig.  34.— Iris  Foiicep,s 


should,  as  a  rule,  be  administered,  preferably  chloroform, 
as  ether  causes  much  congestion  of  the  iris.  If  cocaine 
be  used,  a  4  p.c.  solution  should  be  apphed  to  the  con- 
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jiinctiva  three  times,  at  intervals  of  five  minutes,  begin- 
ning ten  minutes  before  the  operation,  and  again  instilled 
after  the  corneal  section,  so  as  to  increase  its  effect  by 
direct  contact  with  the  iris. 

Position  of  patient. — The  patient  is  lying  down  on  his 
back  on  a  table,  with  his  head  supported  on  a  pillow,  in  a 
good  light. 

Preparation  of  eye. — The  conjunctival  sac  should  be 
washed  out  with  boracic  acid  solution  (P.  24)  or  distilled 
water,  and  the  speculum  introduced. 


Fig.  35. — Ieedectomy  Scissobs        Section  by  Keeatome 

Operation. — The  operator,  standing  behind  the  patient's 
head,  seizes  the  conjunctiva  firmly  and  gently  about 
1  mm.  from  the  corneal  edge,  opposite  the  site  of  the 
proposed  corneal  incision,  with  a  pair  of  fixation  forceps 
held  in  the  left  hand.  With  the  keratome  in  the  right 
hand,  he  passes  its  point  through  the  periphery  of  the 
cornea  (fig.  36)  at  a  spot  corresponding  to  the  middle  of 
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the  proposed  coloboma.  Care  must  be  taken  to  push  the 
keratome  through  the  cornea  into  the  anterior  chamber, 
and  not,  as  may  easily  be  done,  between  the  layers  of  the 
cornea.  The  handle  of  the  knife  is  lowered  till  the  point 
nearly  touches  the  posterior  surface  of  the  cornea,  in  order 
to  avoid  wounding  the  lens  should  the  aqueous  escape. 
As  soon  as  the  corneal  wound  is  large  enough,  the  kera- 
tome is  slowly  withdrawn,  this  being  followed  by  escape 
of  the  aqueous.  The  fixation  forceps,  still  holding  the 
conjunctiva,  are  then  given  to  an  assistant  to  keep 
the  eye  steady.  The  operator  passes  the  iris  forceps 
through  the  corneal  wound  with  their  points  closed  and 
directed  towards  the  posterior  sm-face  of  the  cornea  ;  the 
blades  are  now  opened 
and  the  pupillary  bor- 
der of  the  iris  seized 
between  them.  The 
iris  so  held  is  slowly 
and  with  care  drawn 
out,  and  the  portion 
withdrawn  cut  off  with 
the  iridectomy  scissors 
(fig.  37). 

This  may  be  done 
either  parallel  to  the 
wound,  producing  a 
coloboma  with  a  broad 
periphery  (fig.  38,  a),  or 
at  right  angles  to  the  wound  across  the  cornea,  the  colo- 
boma then  having  a  narrow  periphery  (fig.  38,  b). 

The  edges  of  the  cut  iris  are  carefully  returned  with 
a  spatula  or  curette,  and  the  operator  must  see  that  the 
pupillary  margin  on  both  sides  is  in  position.  The  eye 
is  now  washed  out  again  with  the  solution  mentioned 
above,  and  bandaged  up.  In  a  simple  case  of  iridectomy, 
the  bandages  may  be  discontinued  in  twenty-four  hours 


Fig.  37. — Iridectomy,  showing 
Section  of  Ieis  by  Scissoes 
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if  the  anterior  chamber  is  formed  and  the  eye  not  irritable. 
In  most  cases,  however,  the  bandages  should  be  retained 
for  at  least  two  days.  Atropine  drops  should  be  applied 
on  the  second  day,  to  make  sure  that  the  edges  of  the  newly 
formed  pupil  have  not  contracted  adhesions.  It  is  a  good 
plan  for  the  patient  to  wear  tinted  glasses  for  a  week 
after  the  operation,  and  to  avoid  excessive  light.  If 
there  be  great  pain  after  the  operation,  it  is  best  to  apply 
leeches  to  the  temple  or  behind  the  ear. 

Complications  during  the  operation. — (1)  Haemorrhage 
from  the  iris,  which  seldom  gives  rise  to  serious  trouble 
except  in  old  people,  when  the  blood  may  become 
organised.  If  the  anterior  chamber  be  filled  with  blood, 
the  introduction  of  a  curette  will  usually  set  free  the 


ABO 
Fig.  38. — Abtificial  Pupils 


greater  part,  the  rest  becoming  absorbed  afterwards. 
(2)  The  iris  may  not  be  removed  up  to  the  pupillary  border, 
which  is  then  left  undivided.  (3)  The  edges  of  the  cut 
iris  may  be  difficult  to  replace.  (4)  The  anterior  capsule 
of  the  lens  may  be  bruised  or  lacerated,  and  thus  give 
rise  afterwards  to  cataract. 

After  complications  may  be  :  Iritis,  with  anterior  or 
posterior  synechise  ;  Failure  of  healing  of  the  wound ; 
Eecurrent  haemorrhage;  Prolapse  of  iris;  Astigmatism. 

Modifications. — The  operator  may  make  the  corneal 
section  with  a  Graefe's  knife  instead  of  with  a  keratome. 
In  such  a  case  he  would  introduce  the  point  of  the  knife 
through  the  periphery  of  the  cornea,  at  a  spot  corre- 
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spending  to  one  edge  of  the  coloboma  he  intends  to  produce. 
The  knife,  being  then  passed  across  the  anterior  chamber, 
transfixes  the  periphery  of  the  cornea  at  a  point  corre- 
sponding to  the  other  edge  of  the  desired  coloboma,  and 
is  made  to  cut  its  way  out.  The  succeed- 
ing steps  are  the  same  as  in  the  preceding 
operation.  If  the  object  be  to  remove  a 
small  piece  of  iris,  as  in  an  optical  iridec- 
tomy, the  hook  (fig.  39)  may  be  used  instead 
of  the  forceps  to  withdraw  the  iris. 

Iridectomy  tvith  scleral  incision. — In 
iridectomy  for  glaucoma,  the  patient  should 
if  possible  be  under  a  general  anaesthetic, 
as  the  operation  is  accompanied  by  a  great 
deal  of  pain,  mainly  due  to  the  non-absorp- 
tion of  cocaine  owing  to  the  inflammation 
or  high  tension. 

The  operation  may  be  done  with  a  kera- 
tome,  but  most  surgeons  prefer  a  Graefe's 
knife.  The  preliminary  steps  are  the  same 
as  in  the  operation  above  described  (p.  117).  The  operator 
introduces  a  Graefe's  knife  through  the  sclerotic  about 
1  mm.  from  the  apparent  corneal  margin,  and  about  the 
junction  of  the  upper  one-sixth  with  the  lower  five- 
sixths  of  the  cornea.  The  knife  is  then  passed  across 
the  anterior  chamber  with  great  care,  so  as  not  to  wound 
the  iris  or  lens  capsule  (easily  done  owing  to  the  shallow 
anterior  chamber),  and  makes  a  counter-puncture  in  the 
sclerotic  at  a  corresponding  point  on  the  opposite  side. 
The  knife  is  then  made  to  cut  its  way  out  by  to-and-fro 
movements  through  the  sclerotic  above,  producing  an 
arc  in  this  structure  corresponding  to  the  curve  in  the 
cornea.  The  iris  is  seized  by  a  pair  of  iridectomy  forceps 
at  one  edge  of  the  section,  and  carefully  drawn  out.  It 
is  then  cut  with  the  scissors  and  torn  across  to  the 
opposite  edge  of  the  wound,  where  it  is  again  severed. 


Fig.  39.— Iris 
Hook 
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The  edges  .of  the  iris  are  carefully  replaced,  and  the  eye 
washed  out  and  bandaged  as  above. 

Situation  of  the  colohoma. — If  the  operation  is  done  to 
improve  sight  {optical  iridectomy),  the  best  position  is 
downw^ards  and  inw^ards,  so  as  to  be  in  a  line  with  the 
visual  axis ;  but  in  cases  of  corneal  opacity  the  site 
chosen  must  correspond  with  the  most  transparent  part 
of  the  cornea. 

For  glaucoma  or  for  cataract  extraction,  the  operation  is 
performed  upwards,  to  prevent  the  admittance  of  too  much 
light,  and  to  hide  as  much  as  possible  the  disfigurement 
of  the  coloboma.  If  the  operation  is  done  on  both  eyes, 
the  artificial  pupils  should,  if  possible,  be  symmetrical — 
that  is,  the  colobomata  should  both  be  temporal,  nasal, 
superior,  or  inferior. 

Size  of  the  colohoma. — If  the  object  be  to  make  an 
artificial  pupil,  the  coloboma  should  be  as  small  as  prac- 
ticable ;  but  if  to  relieve  tension,  the  portion  of  iris  re- 
moved must  be  as  large  as  possible,  reaching  to  the 
periphery.  In  each  case  the  size  of  the  coloboma  depends 
on  the  extent  of  the  corneal  or  scleral  incision. 

Iridotomy  is  performed  in  cases  in  which  the  lens 
is  absent  or  out  of  position  and  the  pupil  occluded  by 
lymph,  or  the  iris  drawn  up  to  a  scar  in  the  cornea. 

Operation. — The  eye  being  under  cocaine,  a  very  thin 
Graefe's  knife  is  used  with  its  cutting  edge  downwards,  to 
puncture  the  cornea  near  the  periphery  and  is  passed 
into  the  anterior  chamber  till  its  point  reaches  the  inner 
hmit  of  the  desired  pupil.  The  handle  of  the  knife  is  then 
raised,  and  the  blade  cuts  through  the  iris  as  far  as  is 
desired.  The  iris  incision  then  opens  up  and  forms  a  pupil. 
This  operation  may  also  be  done  with  a  pair  of  iridectomy 
scissors. 

INJURIES  OF  THE  IRIS  may  be  divided  into  (1)  those 
resulting  from  concussion  without  perforation,  and  (2) 
those  caused  by  a  perforating  wound  of  the  eyeball. 
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Fig.  40.— Ikido-dialtsis 


1.  Results  of  concussion. — Dilatation  of  the  ^mpil 
(mydriasis)  is  the  most  common,  and,  as  a  rule,  is  per- 
manent. The  only  treatment  is  eserine  to  produce  con- 
traction of  the  pupil. 

Irido-dialysis  (tpi?,  iris ;  ha.\vcn<;,  separation)  (fig.  40) 
or  ■  detachment  of  the  ciliary  border  of  the  iris,  is  always 
accompanied  by  blood  in  the  anterior  chamber  (hyphaema), 
and  in  consequence  the 
rent  is  often  not  seen  till 
the  blood  is  absorbed.  The 
pupillary  edge  correspond- 
ing to  the  rent  is  flattened, 
as  in  fig.  40.  If  the  rent  is 
large,  the  edge  of  the  lens, 
suspensory  ligament,  and 
ciliary  processes  may  be 
seen ;  the  patient  may  experience  some  trouble  from  thus 
possessing  two  pupils.  The  treatment  is  atropine  drops 
to  dilate  the  pupil,  as  in  some  cases  re-attachment  may 
take  place. 

Sviall  rents  in  the  impillary  border  may  occur,  pro- 
ducing considerable  hyphgema. 

Betroversion  of  the  iris,  complete  or  partial,  may 
ensue,  and  the  iris  may  be  seen  doubled  on  itself  or  even 
lost  to  view. 

Irido-donesis  (ipt?,  iris  ;  Soveo/tat,  I  vibrate),  or  tremulous 
iris,  is  occasionally  found,  and  is  due  to  the  iris  losing  its 
support  owing  to  dislocation  of  the  lens  or  to  fluid  con- 
dition of  the  vitreous. 

2.  Results  of  perforating"  wound  of  the  eyeball. 
Rupture,  or  lacerated  wound  of  the  iris,  which,  as  a  rule, 
is  complicated  with  injuries  to  the  lens.  Prolapse  (hernia) 
of  the  iris  through  a  wound  of  the  cornea  or  sclerotic. 
The  treatment  in  these  cases  is  to  wash  the  wound  with 
an  antiseptic  lotion,  as  boracic  acid,  and  to  remove  the 
prolapsed  portion  by  drawing  the  iris  out  with  a  pair  of 
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iridectomy  forceps  and  cutting  off  the  portion  of  iris. 
The  wound  should  be  freed  from  the  cut  edges  of  the  iris 
by  a  curette,  and  the  eye  tightly  bandaged  up.  Atropine 
or  eserine  should  be  dropped  into  the  eye  according  to  the 
position  of  the  wound.  If  the  prolapse  is  uncomplicated 
by  injury  to  the  lens,  and  is  seen  within  an  hour  or  so  of 
the  injury,  the  prolapsed  iris  may  be  returned  into  the 
anterior  chamber  by  a  spatula,  and  eserine  or  atropine 
drops  applied. 
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CHAPTEE  VIII 

THE  PUPIL 

Physiolog-y. — The  description  of  the  aspect,  size, 
activity,  shape  and  position  of  the  normal  pupil  will  be 
found  on  p.  10,  and  should  be  referred  to  on  reading  this 
chapter.  In  order  to  explain  the  pupillary  movements, 
the  chief  physiological  experiments  on  the  pupil  are 
mentioned  below,  and  are  mainly  on  the  unstriped  mus- 
cular jfibre  and  the  nerves  of  the  iris,  though  the  vascular 
supply  exerts  a  marked  influence  on  the  pupil. 

Muscle. — The  unstriped  muscular  fibre  of  the  iris  is 
found  as  a  circular  band  (sphincter  pupillae)  arranged  in 
bundles  surrounding  the  pupil.  Other  muscular  fibres 
have  been  described  lying  close  to  the  posterior  limiting 
membrane  of  the  iris,  and  arranged  in  a  radial  manner 
from  the  sphincter  towards  the  peripheral  attachment 
of  the  iris.  These  have  been  called  the  dilator  of  the 
pupil,  but  I  have  never  seen  any  fibres  that  could  be 
compared  in  thickness  with  the  sphincter  pupillae,  or 
capable  physically  of  overcoming  the  sphincter  fibres 
and  producing  dilatation  of  the  pupil.  Under  the  term 
pupillary  muscle  I  have  here  included  all  the  muscular 
fibres  of  the  iris.  This  muscle,  like  the  unstriped  muscular 
fibre  of  the  intestine  and  vessels,  is  supplied  by  two  sets 
of  nerve  fibres. 

Nerves. — The  one  set  (miotic)  on  being  stimulated 
produce  contraction  of  the  pupil  (miosis,  /xetwo-ts,  decrease), 
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and  the  other  set  (mydriatic)  cause  dilatation  of  the  pupil 
(mydriasis) . 

The  miotic  tract,  starting  from  the  nucleus  of  the  third 
nerve  in  the  floor  of  the  aqueduct  of  Sylvius,  accompanies 
the  third  nerve  and  reaches  the  lenticular  ganglion  by  its 
short  root ;  from  the  ganglion  it  is  distributed  by  the 
short  ciliary  nerves  to  the  pupillary  muscle. 

The  mydriatic  tract  may  be  traced  from  the  centre 
in  the  medulla  oblongata  down  the  spinal  cord  as  far 
as  the  second  dorsal  nerve,  and  then  follows  the  com- 
municating branch  of  the  second  dorsal  nerve  to  the 
cervical  splanchnics,  thus  reaching  the  plexus  around 
the  internal  carotid  artery  ;  from  this  plexus  it  passes  to 
the  naso-ciliary  branches  of  the  nasal  nerve,  which  as  the 
long  ciliary  nerves  supply  the  pupillary  muscle  with 
mydriatic  fibres.  The  course  of  these  two  sets  of  nerves 
has  been  examined  by  anatomical,  histological,  and 
physiological  methods. 

The  effect  of  stimulating  any  part  of  the  miotic  tract 
is  to  give  rise  to  extreme  contraction  of  the  pupil  (pin- 
point pupil) ;  the  effect  of  section  of  any  part  of  the  tract 
is  to  produce  a  moderately  dilated  pupil  inactive  to  the 
pupillary  reflexes. 

In  the  same  way  the  result  of  stimulating  the 
mydriatic  tract  is  to  produce  an  ad  maximum  dilatation  of 
the  pupil,  and  section  of  any  part  of  this  tract  is  followed 
by  a  moderate  contraction  of  the  pupil.  Stimulation  or 
section  of  the  mydriatic  tract  does  not  abolish  the  pupillary 
reflexes. 

The  effect,  therefore,  of  stimulation  of  either  nerve 
tract  is  to  produce  an  extreme  contraction  or  dilatation 
of  the  pupil,  but  section  of  either  tract  gives  rise  to 
only  a  moderate  dilatation  or  contraction.  This  latter 
or  moderate  effect  is  to  be  explained  by  the  tone  the 
pupillary  muscle  possesses.  After  section  of  its  nerves 
it  still  responds  to  direct  stimulation  of  the  muscular  fibre  ; 
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thus  direct  stimulation  near  the  pupillary  border  of  the 
iris  is  followed  by  contraction  of  the  pupil,  whereas 
excitation  towards  the  ciUary  border  produces  dilatation 
of  the  pupil. 

From  these  experiments  it  will  be  seen  that  the  nerves 
(miotic)  causing  contraction  of  the  pupil  evidently  preside 
over  the  reflexes,  as  on  complete  section  in  any  part  of 
then-  tract  the  pupil  no  longer  responds  to  them  These 
reflexes  have  been  described  on  p.  10,  and  are  light, 
accommodation,  and  sensory.  The  above  experiments 
on  the  pupillary  nerves  only  concern  the  efferent  nerves, 
and  it  is  therefore  necessary  now  to  consider  the  afferent 
fibres  of  the  reflexes.  The  ajferent  fibres  of  the  light 
reflexes  are  first  the  optic  nerves,  and  it  is  probable  that 
the  afferent  pupillary  reflex  fibres  are  not  the  same  as 
the  visual  fibres  of  these  nerves.  By  the  optic  nerve  the 
afferent  pupillary  reflex  fibres  pass  to  the  chiasma  and 
then  by  the  optic  tract  of  the  same  side  (perhaps  also 
by  the  opposite  tract)  they  reach  the  nucleus  of  the  third 
nerve.  Section  of  the  optic  nerve  and  the  afferent  tract 
abolishes  the  light  reflex. 

Direct  light  pupillary  contraction  reflex. — The  stimulus 
producing  the  contraction  of  the  pupil  of  the  same  side 
by  hght  thrown  into  an  eye  takes  the  following  course  : 
from  the  optic  nerve  by  its  pupillary  reflex  fibres  to 
the  optic  tract  of  the  same  side,  and  so  to  the  centre 
in  the  floor  of  the  aqueduct  of  Sylvius;  from  this 
centre  it  is  transmitted  by  the  third  nerve,  the  lenticular 
gangUon  and  the  short  cihary  nerves  to  the  pupillary 
muscle. 

The  consensual  light  pupillary  contraction  reflex  is 
produced  by  light  thrown  into  one  eye,  causing  contrac- 
tion of  the  pupil  of  the  other  eye.  The  afferent  tract 
of  the  reflex  is  the  same  as  the  direct  hght  reflex,  but 
the  stimulus  on  reaching  the  centre  is  transferred  to  the 
opposite  third  nerve  nucleus,  and  so  by  means  of  the 
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short  ciliary  nerves  to  the  pupil  of  the  opposite  eye. 
This  reflex  takes  place  as  long  as  the  optic  nerve  of  the 
eye  stimulated  by  increased  hght  and  the  third  nerve  on 
the  opposite  side  are  intact. 

The  accommodation  contraction  reflex  takes  place  on 
fixing  a  near  object  or  on  converging  the  eyes  as  if 
accommodating.  The  afferent  fibres  of  the  reflex  are 
usually  the  visual  fibres  of  the  optic  nerve,  but  may  be, 
as  in  the  blind,  the  sensory  nerves  supplying  the  con- 
vergent muscles.  The  centre  is  situated  in  the  floor  of 
the  aqueduct  of  Sylvius,  and  the  efferent  fibres  are  the 
short  ciliary  nerves  through  the  third  nerve. 

The  sensory  dilatation  reflex,  which  is  obtained  by 
stimulating  a  sensory  nerve,  as  by  tickhng  the  hand, 
is  probably  due  to  an  inhibition  of  the  miotic  fibres  of 
the  pupil,  and  is  lost  on  section  of  the  third  nerve. 

Vessels. — If  the  blood  supply  of  the  iris  is  increased, 
as  by  dilatation  of  the  vessels,  the  pupil  is  contracted 
(congestion  miosis) ;  this  is  well  seen  on  tapping  the 
anterior  chamber.  Dilatation  of  the  pupil  occurs  if  the 
blood  supply  of  the  iris  is  reduced,  as  after  severe  haemor- 
rhage or  contraction  of  the  blood-vessels. 

Action  of  drugs  on  the  pupil— The  drugs  acting  locally 
on  the  pupil  may  be  divided  into  three  groups— atropine, 
cocaine,  and  eserine  (physostigmine). 

The  atropine  group  produces  mydriasis  or  dilatation 
of  the  pupil,  which  is  inactive  to  the  various  reflexes. 

The  cocaine  group  also  causes  mydriasis,  but  the  pupfl 
still  acts  to  the  several  reflexes. 

The  eserine  group  is  characterised  by  miosis,  the  pupil 
still  reacting  to  the  reflexes. 

Atropine— The  local  action  of  atropine  on  the  pupil  is 
to  paralyse  the  unstriped  pupillary  muscle  and  thus  pro- 
duce mydriasis.  The  atropinised  pupil  does  not  react 
to  the  light,  accommodation,  or  sensory  reflexes,  and  the 
mydriasis  is  larger  than  that  produced  by  section  of  the 
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third  nerve.  Eserine  has  no  effect  on  complete  atropine 
mydriasis,  but  cocaine  as  a  rule  increases  the  size  of  the 
atropinised  pupil.  Other  mydriatics  belonging  to  this 
group  are  homatropine,  daturine,  duboisine,  hyoscyamine, 
hyoscine.  Of  these  homatropine  is  the  most  frequently 
used,  as  its  action  is  quicker,  weaker,  and  less  lasting  than 
atropine,  and  the  effect  can  always  be  overcome  by  eserine. 
In  cases  where  atropine  produces  symptoms  of  irritation, 
and  homatropine  is  not  effective  enough,  daturine  may 
be  employed. 

Cocaine  acts  by  stimulating  the  endings  of  the 
mydriatic  or  long  ciliary  nerves,  and  produces  an  ad 
maximum  mydriasis,  but  the  pupil  always  acts  to  the 
light  and  accommodation  reflexes  ;  ^  atropine  used  with 
cocaine  stops  the  action  of  the  pupil  to  light  and  accom- 
modation, but  does  not  necessarily  increase  the  size  of 
the  mydriasis ;  the  combination  of  the  two  drugs  pro- 
duces quicker  dilatation  of  the  pupil  than  atropine  alone. 
Eserine  easily  overcomes  the  cocaine  mydriasis. 

Eserine  produces  extreme  miosis  and  acts  here  as  else- 
where on  the  body  by  stimulating  the  unstriped  muscular 
fibre ;  the  eserinised  pupil  still  acts  to  light,  and  dilates 
on  shadmg.  Eserine  miosis  is  overcome  by  atropine  if 
the  latter  be  used  of  sufficient  strength,  and  long  enough. 
The  effect  of  the  antagonism  of  atropine  and  eserine  is 
that  eserine  acts  as  long  as  the  unstriped  muscular  fibre 
is  not  completely  paralysed,  but  if  the  pupil  be  thoroughly 
under  atropine  it  has  no  effect.  Eserine  always  over- 
comes cocaine  mydriasis.  The  other  local  miotics  act  like 
eserine,  by  stimulating  the  pupillary  muscle — namely, 
pilocarpine,  nicotine,  and  muscarine.  Of  these  pilocar- 
pine is  the  only  one  used,  and  is  much  weaker  than  eserine 
(about  1:7).    The  use  of  eserine  is  generally  attended  by 
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pain,  owing  to  the  cramp  produced  by  contraction  of  the 
intra-ocular  muscles. 

The  pupil  in  health. — Size  and  activity. — The  size 
of  the  pupil  varies  with  the  amount  of  light,  state  of 
accommodation,  and  also  the  general  condition  of  tone 
of  the  patient.    The  pupils  are  frequently  in  health 
slightly  different  in  size.     Age  tends,  after  forty-five 
years,  to  diminish  the  pupillary  aperture,  and  the  action 
of  atropine  and  cocaine  is  less  marked,  though  the  effect 
of  eserine  remains  the  same.    The  changes  in  size  of 
the  pupil  consequent  on  the  reflexes  are  best  seen  by 
taking  a  normal  example  (the  measurements  are  given 
for  the  right  pupil):   Light  reflex   (daylight).  —  Both 
eyes   open,  4  mm. ;   left   eye   closed,  4-6   mm. ;  left 
eye  closed   and  then   opened,  3-5  mm.  at  first,  and 
afterwards  4  mm.  ;  both  eyes  shaded,  5  mm.  Accom- 
modation  reflex   (dayhght).  —  Looking    down   and  in, 
both  eyes  open,  2-25  mm. ;  left  eye  closed,  3-25  mm. ; 
relaxation  of  accommodation,  4  mm. ;  looking  externally, 
4-5  mm.,  and  on  relaxation  of  accommodation,  5  mm. ; 
sensory  reflex  up  to  5  mm. 

Associated  actions  of  the  pupil.— On  every  convergent 
-movement  of  a  normal  eye  the  pupil  contracts,  and  on 
the  eye  becoming  parallel  again  the  pupil  dilates,  and 
regains  its  former  size. 

In  some  rare  cases  the  pupil  dilates  markedly  with 
all  external  movements;  this  is  seen  in  some  cases  of 
paralysis  of  the  external  rectus,  in  which  forced  attempts 
at  external  movement  are  followed  by  dilatation  of  the 
pupil.  During  conjugate  deviation  of  the  eyes  the 
pupils  as  a  rule  are  the  same  size.  With  the  act  of 
accommodation  the  pupil  contracts,  and  this  is  best  seen 
when  the  eye  is  directed  down  and  inwards  ;  on  looking 
outwards  and  accommodating  it  is  scarcely  noticeable. 
On  relaxation  of  accommodation  the  pupil  dilates 
markedly. 
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Sha2Je  and  position. — The  pupil  is  generally  circular, 
its  centre  being  slightly  to  the  nasal  side  of  the  centre  of 
the  cornea.  A  dilated  pupil  is  frequently  oval,  when  the 
long  diameter  is  as  a  rule  vertical ;  the  smaller  the  pupil 
the  less  likely  it  is  to  be  circular. 

SleejJ. — The  condition  of  the  pupil  is  miosis,  which  is 
greatest  during  deep  sleep.  It  is  due  to  central  stimula- 
tion, and  not  only  to  the  usual  convergent  position  of 
the  eyes.  The  fully  atropinised  pupil  is  unaffected  during 
sleep,  but  cocaine  mydriasis  is  overcome  and  miosis 
ensues. 

The  normal  2}uptl  should  be  regular  in  shape,  size,  and 
position,  and  should  pass  the  follov^ing  tests  :  Direct  and 
consensual  hght  reflex,  sensory  reflex,  movements  asso- 
ciated with  accommodation,  convergence,  divergence  and 
conjugate  deviation  of  the  eyes,  action  of  the  two  classes 
of  mydriatics  (atropine  and  cocaine),  and  also  of  a  miotic 
as  eserine. 

Drugs  influencing  the  pupil  when  taken  internally  and 
not  acting  locally  ai^e  chloroform,  morphine,  strychnine, 
curare,  and  quinine. 

Chloroform.— Bming  the  administration  of  this  drug 
for  anassthetic  purposes,  the  pupils  vary  according  to  the 
stage  of  anaesthesia.  In  the  excitement  stage  the  pupil 
is  dilated  (acting  to  Hght) ;  in  the  stage  of  aneesthesia, 
it  is  contracted;  but  if  the  drug  be  now  pushed  to  a 
dangerous  point  the  pupil  dilates  and  is  motionless  to 
Hght.  If  the  eyes  are  fully  under  atropine  or  eserine 
beforehand,  no  effect  on  the  pupil  is  observed ;  but  during 
the  ordinary  anaesthetic  stage  the  pupil  often  contracts  if 
the  eyes  are  under  cocaine. 

Morphine  given  internally  produces  bilateral  miosis 
(acting  to  Hght)  ;  but  has  no  effect  on  a  fully  atropinised 
eye.  It  acts  on  the  centres  for  the  contraction  of  the 
pupil  and  not  on  the  peripheral  endings  of  the  nerves  or 
muscles. 

J{  2 
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Strychiine.—'PoisonoViS  doses  of  this  drug  produce 
dilatation  of  the  pupil,  due  to  stimulation  of  the  medullary 
mydriatic  centre,  owing  to  deficient  aeration  of  the  blood, 
as  on  artificial  respiration  the  pupil  returns  to  the  normal 
condition. 

Giirare.— The  mydriasis  following  poisoning  by  this 
drug  is  due  to  the  same  cause  as  that  produced  by 
strychnia.  In  birds  curare  acts  directly  on  the  striped 
muscle  of  the  iris  by  paralysing  it,  and  so  producing 
mydriasis. 

g^wme.— In  large  doses  this  drug  produces  a  bilateral 
mydriasis  due  to  contraction  of  the  blood-vessels. 

Patliolog-ical  states  of  the  pupil.-  Most  of  these 
may  be  classified  under  isocoria  (tVos,  equal ;  Koprj,  pupil) 
oranisocoria  (^vio-os,  unequal;  K6pri,  pupil),  and  each  class 
may  be  further  subdivided  into  mydriasis  and  miosis. 

Isocoria  (equal  pupils).— I.  Mydriasis:  A.  Acting 
to  fight  and  accommodation.  B.  Not  acting  to  fight  or 
accommodation.    C.  Acting  to  accommodation  but  not  to 

fight.  ^        ^  .  ^. 

A.  (1)  May  be  due  to  stimulation  of  both  mydriatic 
tracts,  generaUy  central  as  by  strychnia,  or  peripheral 
by  cocaine.  (2)  Vasomotor,  due  to  constriction  of  blood- 
vessels and  general  bloodlessness.  (3)  Stimulation  of  a 
sensory  nerve.    (4)  Violent  muscular  exercise. 

B  Destruction  or  palsy  of  both  miotic  tracts  or 
pupillary  muscles,  usually  nuclear  (cerebral  haemorrhage 
or  tumours)  or  peripheral  (blows  and  drugs),  and  some 
cases  of  blindness  following  disease  of  optic  nerves. 

C  Cases  of  locomotor  ataxy. 

Certain  diseases  have  frequently  bilateral  mydi'iasis 
as  a  symptom.  Enteric  fever,  aortic  insufficiency,  com- 
mencing insanity,  meningitis  (after  initial  contraction), 
cerebeUar  disease,  hydrocephalus,  helminthiasis,  epilepsy 
(tonic  stage),  migraine,  and  middle  meningeal  hemor- 
rhage. 
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II.  Miosis  :  A.  Acting  to  light  and  accommodation. 
B.  Not  acting  to  light  or  accommodation.  (J.  Acting  to 
accommodation  and  not  to  light. 

A.  (1)  Paralysis  of  both  mydriatic  tracts,  chiefly 
central  (Cheyne- Stokes  breathing).  (2)  Stimulation  of 
both  miotic  tracts  (morphia)  or  both  pupillary  muscles 
(eserine,  pilocarpine).  (3)  Vascular  congestion  of  irides, 
as  in  fevers,  &c.  (congestion  miosis). 

B.  Locomotor  ataxia. 

C.  Locomotor  ataxia. 

The  chief  diseases  characterised  by  bilateral  miosis 
are  haemorrhage  into  the  upper  part  of  the  pons,  general 
paralysis  of  the  insane,  meningitis,  anaemia  of  the  brain, 
paralysis  agitans,  venous  obstruction  as  in  mitral 
regurgitancy,  pneumonia,  typhus,  variola,  algid  state  of 
cholera,  epilepsy  (sometimes  at  commencement),  anterior- 
polio-myelitis. 

Anisocoria  (unequal  pupils). — Cases  of  anisocoria 
may  be  divided  into  tv?o  groups,  the  one  in  v^hich  one  pupil 
is  normal,  and  the  other  in  which  both  are  abnormal. 

Anisocoria  (one  pupil  normal). — I.  Mydriasis :  A. 
Acting  to  Hght  and  accommodation.  B.  Not  acting  to 
light  or  accommodation.  C.  Acting  to  accommodation 
and  not  to  light. 

A.  (1)  Stimulation  of  one  mydi'iatic  tract  in  any  part 
of  its  course.  (2)  Increased  intra-ocular  tension.  (3) 
Cyclitis. 

B.  Paralysis  of  one  miotic  tract  or  pupillary  muscle. 

C.  Eare  cases,  showing  the  Argyll-Eobertson  pupil  in 
only  one  eye.' 

II.  Miosis  -  A.  Acting  to  hght  and  accommodation. 
B.  Not  acting  to  light  or  accommodation.  C.  Acting  to 
accommodation  and  not  to  light. 

A.  (1)  Paralysis  of  one  mydriatic  tract  at  any  part  of 

'  Trans.  Ojihth.  Soc,  vol.  xi.  p.  179. 
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its  course.  (2)  Stimulation  of  any  part  of  one  miotic 
tract  or  of  one  pupillary  muscle.  (3  )Vascular  congestion 
of  iris  due  to  iritis,  diminished  intra-ocular  tension,  &c. 
(4)  Eefiex  by  painful  stimulation  of  the  fifth  nerve,  as  in 
keratitis,  iritis,  and  other  ocular  diseases. 

B.  Complete  posterior  synechia. 

C.  Very  rare  cases,  showing  uniocular  Argyll-Robertson 
pupil. 

Unequal  pupils  are  often  found  in  cases  of  apoplexy, 
meningitis,  chronic  and  acute  alcoholism,  general  paralysis 
of  the  insane,  locomotor  ataxy. 

Hippus. — This  is  a  condition  of  the  iris  characterised  by 
choreic  spasms,  producing  rapid  contraction  and  dilatation 
of  the  pupil.  These  movements  are  independent  of  hght 
or  the  position  of  the  eye,  and  are  seen  in  cases  of  epi- 
lepsy, mania,  general  paralysis  of  the  insane,  cerebellar 
tumour,  &c.  Hippus  may  be  associated  with  nystagmus, 
especially  when  of  central  origin. 
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CHAPTBE  IX 

DISEASES  OF  THE  CILIABY  BODY 

Anatomy  and  Physiolog'y., — The  ciliary  body  is 
the  portion  of  the  uveal  tract  situated  between  the  iris 
and  the  choroid,  and  is  in  fact  the  anterior  portion  of  the 
choroid.  It  is  divided,  like  the  iris,  into  a  mesoblastic 
and>an  epiblastic  portion.  The  mesoblastic  portion,  form- 
ing the  chief  part  of  the  ciliary  body,  contains  the  ciliary 
muscle,  which  is  composed  of  unstriped  muscular  fibre, 
having  its  origin  in  a  tendon  attached  to  the  sclerotic  near 
the  ligamentum  pectinatum  iridis.  The  muscular  fibre  is 
disposed  in  different  directions  ;  some  fibres  {longitudinal) 
pass  backwards  to  be  inserted  into  the  choroid,  others 
have  an  oblique  direction,  and  the  anterior  fibres  are 
arranged  in  a  circular  manner.  The  disposition  of  these 
fibres  is  probably  due  to  the  position  of  the  ciUary  body  ; 
in  the  hypermetropic,  or  short  eye,  the  fibres  appear 
more  circular,  and  in  the  myopic,  or  long  eye,  they  are 
chiefly  longitudinal.  As  in  the  case  of  the  pupillary, 
it  is  best  to  describe  the  fibres  of  the  ciliary  muscle 
as  forming  one  muscle  supplied  by  two  nerves ;  the 
third  nerve  producing  contraction,  and  the  sympa- 
thetic, relaxation  of  the  muscle.  The  main  action  of  the 
ciliary  muscle  is  to  effect  accommodation  by  its  influence 
on  the  suspensory  hgament  of  the  lens.  The  physio- 
logical  experiments   are   analogous  to  those   on  the 
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pupillary  muscle.  Stimulation  of  the  third  or  short 
ciliary  nerves  produces  contraction  of  the  muscle  and 
has  for  its  result  accommodation,  whilst  section  of  these 
nerves  gives  rise  to  paralysis  of  the  muscle  and  abolition 
of  the  power  of  accommodation.  Stimulation  of  the  long 
ciliary  nerves  produces  relaxation  of  the  muscle  and 
paresis  of  accommodation.  The  third  is  evidently  the 
chief  motor  nerve,  as  on  section  of  this  nerve  accommo- 
dation is  impossible  except  by  direct  stimulation  of  the 
muscle,  as  by  eserine.  The  local  action  of  drugs  on  the 
ciliary  muscle  is  the  same  as  on  the  pupillary,  but,  as  the 
former  is  larger,  the  action  is  not  so  lasting  or  so  great. 
The  atropine  group  paralyses  the  muscle,  causing  paralysis 
of  accommodation.  Cocaine  induces  relaxation  of  the 
muscle  by  stimulating  the  endings  of  the  long  cihary 
nerves,  and  by  this  means  causes  paresis  of  accommo- 
dation for  a  short  time.  Eserine  produces  spasm  of  the 
muscle  by  direct  stimulation  of  the  muscular  fibre,  and 
as  a  result,  spasm  of  accommodation.  Eserine  easily 
overcomes  the  action  of  cocaine,  but  has  no  effect  on  the 
fully  atropinised  ciliary  muscle. 

The  vessels  of  the  cihary  body  are  derived  from  the 
long  cihary  and  perforating  arteries,  and  form  at  the 
periphery  of  the  iris  the  circulus  arteriosus  iridis  major  ; 
the  veins  convey  the  blood  to  the  ven®  vorticosge. 

The  nerves  form  a  plexus  with  ganghon  cells,  and  are 
derived  from  the  long  and  short  ciliary. 

There  is  a  lymphatic  space  between  the  cihary  body 
and  the  sclerotic.  Pigment  cells  are  found  in  the  con- 
nective tissue,  but  are  not  so  abundant  as  in  the  choroid. 

The  epiblastic  portion  is  thrown  anteriorly  into  folds, 
the  so-called  ciliary  processes.  This  portion  is  lined  by 
an  external  layer  of  black  pigment  cells  continuous  with 
the  pigment  layer  of  the  retina  and  iris,  and  an  internal 
layer  continuous  with  the  cihary  portion  of  the  retina, 
assisting  in  the  formation  of  the  suspensory  ligament  of  the 
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lens.  Treacher  Collins  '  has  described  a  series  of  tubular 
secreting  glands  in  the  ciliary  processes,  which  probably 
secrete  the  nutritive  fluid  for  the  vitreous. 

CYCLITIS  {kvkXo<;,  circle)  or  inflammation  of  the  ciliary 
body  exists  usually  as  part  of  a  general  uveitis,  but  may 
be  found  as  a  separate  disease.  The  characteristic 
symptoms  are  nem'algic  pain  and  tenderness  over  the 
ciliary  region;  this  pain  is  especially  marked  during 
the  movements  of  accommodation.  The  signs  are  the 
presence  of  deposits  on  Descemet's  membrane  (fig.  27), 
vitreous  opacities,  deep  anterior  chamber,  and,  as  a  rule, 
a  dilated  pupil.  Cychtis  may  be  divided  into  catarrhal, 
plastic,  and  purulent. 

Catarrhal  (serous)  cyclitis  has  been  variously  de- 
scribed under  the  names  of  serous  iritis,  keratitis  punctata, 
aquo-capsuhtis  and  descemetitis.  It  is  usually  found  in 
young  adults,  especially  females,  is  very  protracted  in 
its  course,  and  tends  to  relapse. 

The  sifmptoms,  varying  very  much  in  severity  v^ith  the 
attack,  are  neuralgic  pain,  especially  on  accommodating ; 
tenderness  in  the  cihary  region;  photophobia,  lachry- 
mation,  and  diminution  of  acuteness  of  vision. 

The  signs  are  circumcorneal  zone ;  punctate  deposits 
of  dilferent  sizes  on  Descemet's  membrane  ;  deep  anterior 
chamber,  and  turbid  aqueous ;  dilated  pupil ;  increased 
intra-ocular  tension  and  vitreous  opacities. 

It  usually  affects  one  eye  at  a  time,  though  the  other 
suffers  as  a  rule  sooner  or  later.  The  course  is  extremely 
slow,  and  the  punctate  corneal  opacities  may  be  found 
even  years  afterwards. 

The  complications  are  iritis,  scleritis,  peripheral  choroi- 
ditis, and  glaucoma. 

It  is  often  associated  with  a  history  of  gout,  rheuma- 
tism, anaemia,  menstrual  trouble,  or  tubercle. 


'  Trans.  Ophth.  Soc,  vol.  xi.  p.  55. 
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Inflammation  of  the  ciliary  body,  especially  the  glandu- 
lar portion,  is  accompanied  by  proliferation  and  detachment 
of  small  cells,  which  pass  into  the  anterior  aqueous  chamber 
through  the  pupillary  aperture.  They  are  then  deposited 
on  Descemet's  membrane  in  the  form  of  a  conical  bullet 
(fig.  27)  with  the  apex  upwards  and  near  the  centre  of 
the  cornea ;  this  shape  is  owing  to  the  combined  effects 
of  gravity  and  the  continuous  flow  of  the  aqueous  fluid 
towards  the  angle  of  the  anterior  chamber. 

It  is  often  mistaken  for  iritis,  but  can  generally  be 
diagnosed  by  the  dilated  pupil  and  m-arked  punctate 
corneal  deposits. 

The  prognosis  is  good  as  long  as  the  rest  of  the  uveal 
tract  is  not  seriously  implicated. 

The  treatment  is  complete  rest  for  the  eyes  ;  tinted 
glasses  or  goggles  ;  atropine  drops,  unless,  as  occasionally 
happens,  they  give  rise  to  great  pain  or  increased  tension, 
in  which  case  eserine  may  be  used ;  leeches  if  pain  con- 
tinues severe  ;  paracentesis  of  the  anterior  chamber  if 
tension  keeps  high  ;  general  constitutional  treatment  by 
tonics,  as  cod-liver  oil  and  iron. 

Plastic  cyclitis  follows  injuries  of  the  ciliary 
region ;  operations  such  as  cataract  extraction,  owing 
to  entanglement  of  the  base  of  the  iris  in  the  wound; 
presence  of  debris  of  the  lens,  or  dislocation  of  the  lens ; 
it  is  found  in  an  idiopathic  form  in  tubercular  and 
syphilitic  subjects. 

The  disease  is  seldom  if  ever  hmited  for  more  than  a 
short  time  to  the  ciUary  body,  but  tends  to  spread  through 
the  whole  uveal  tract  as  a  plastic  uveitis.  It  is  usually 
accompanied  by  more  severe  symptoms  than  the  catarrhal 
form,  but  may  occasionally  be  very  chronic.  The  pain 
and  tenderness  in  the  cihary  region  are  marked;  the 
congestion  of  the  episcleral  blood-vessels  may  be  so  extreme 
as  to  cause  the  case  to  be  mistaken  for  scleritis.  The 
punctate  deposits  in  the  anterior  chamber  are  larger  and 
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more  gi*anular  looking,  and  they  tend  to  coalesce  and  in 
some  cases  to  form  a  mass  of  lymph  in  the  lower  part 
of  the  anterior  chamber.  Vitreous  opacities  are  always 
present. 

Treatment  is  the  same  as  in  catarrhal  cyclitis,  but 
mercury  is  often  indicated. 

Purulent  cyclitis  may  occur  without  direct  external 
infection,  but  is  generally  consequent  on  an  infective  ulcer 
of  the  cornea  or  a  septic  wound  (traumatic  or  operative)  of 
the  ciliary  region.  The  external  signs  of  inflammation  are 
generally  well  marked,  the  eyelids  being  swollen,  and  the 
conjunctiva  congested  and  chemosed.  There  is  great 
turbidity  of  the  vitreous  and  aqueous  humours,  and  pus 
in  the  anterior  chamber  {hypopyon).  The  tension  may 
be  increased.  In  young  children  the  pus  usually  becomes 
quickly  absorbed,  but  in  adults  it  may  remain  for  days 
causing  iritis  and  other  complications. 

It  is  a  septic  inflammation  of  the  ciliary  body  with  the 
formation  of  pus,  which  finds  its  way  through  the  pupil 
to  the  most  dependent  part  of  the  anterior  chamber. 
The  disease  generally  yields  to  treatment,  which  should 
consist  of  fomentations  of  belladonna  (F.  4)  or  poppyheads 
(P.  39) ;  atropine  drops  (P.  1) ;  bandaging ;  in  obstinate 
cases  in  adults,  paracentesis  of  the  anterior  chamber 
and  evacuation  of  the  pus  are  indicated.  If  there  be  a 
wound  or  infective  ulcer,  it  should  be  actively  treated  by 
cauterisation,  iodoform,  or  antiseptic  lotions. 

A  tumour  of  the  ciliary  body  at  first  grows  pos- 
teriorly towards  the  vitreous  chamber,  but  may  push  for- 
ward the  iris  and  thus  narrow  the  depth  of  the  anterior 
chamber.  It  can  sometimes  be  seen  by  the  ophthalmo- 
scope, if  the  pupil  is  dilated,  at  the  extreme  periphery  of 
the  fundus  as  a  dark  rounded  swelhng.  It  is  generally  a 
melanotic  sarcoma,  either  round  or  spindle  celled  (p.  159). 
Primary  carciuomata  and  innocent  adenomata,  originat- 
ing from  the  cihary  glands,  and  myomata  have  been 
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recorded.  The  treatment  of  a  ciliary  tumour  is  to  excise 
the  eye. 

Affections  of  the  ciliary  muscle. — The  action  of 
the  cihary  muscle  enables  the  eye  to  accommodate  for 
near  vision.  After  forty-five  the  muscular  fibre  tends  to 
degenerate,  and  thus  produces,  with  the  diminution  of 
elasticity  and  growth  of  the  lens,  defective  accommoda- 
tion, and  presbyopia  (old  sight). 

Occasionally  in  young  people  spasm  of  the  cihary 
muscle  occurs,  giving  rise  to  apparent  myopia,  but 
the  usual  pathological  conditions  are  those  of  parests 
or  paralysis.  In  complete  paralysis  of  the  third  nerve 
the  cihary  muscle  is  also  paralysed.  In  diphtheria, 
paralysis  or  paresis  of  both  cihary  mascles  may  be 
present  without  any  affection  of  the  pupillary  or  other 
muscles  of  the  eye,  and  is  probably  a  nuclear  lesion. 

Paralysis  or  paresis  of  the  cihary  muscle  has  been 
found  in  cases  of  pregnancy,  lactation,  anaemia,  mumps, 
diabetes,  and  as  a  sequela  of  fevers:  this  condition  is 
probably  due  to  deficient  blood-supply  and  want  of 
muscular  tone.  The  muscle  may  sometimes  be  paralysed 
as  the  result  of  a  blow  on  the  eye. 

The  local  treatment  is  atropine  for  spasm  of  accom- 
modation, and  eserine  or  pilocarpine  for  paresis  or 
paralysis. 
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CHAPTEE  X 

DISEASES  OP  THE  CHOEOID 

Anatomy. — The  choroid  is  the  posterior  part  of  the 
uveal  tract  situated  behind  the  cihary  body  ;  its  functions 
are  to  nourish  the  pigmentary  layer  of  the  retina.  It  is 
adherent  to  the  sclerotic  around  the  optic  nerve  entrance, 
but  elsewhere  is  only  loosely  attached  to  this  membrane. 
It  is  separated  from  the  sclerotic  by  a  lymph  space  and 
is  composed  from  without  inwards  of  :  (1)  lamina  supra- 
choroidea,  consisting  of  branched  connective  tissue  cells 
and  elastic  fibres ;  (2)  lamina  vasculosa,  formed  by 
arteries,  veins,  and  numerous  pigment  cells  ;  (3)  lamina 
chorio- capillar  is,  comprising  a  close  network  of  capillaries  ; 
(4)  lamina  vitrea,  a  hyaline  membrane  lying  next  to  the 
pigmentary  layer  of  the  retina.  The  epiblastic  layer  of 
uveal  pigment  continuous  with  that  of  the  iris  and  ciliary 
body  is  not  described  as  part  of  the  choroid,  as  by  its 
development  it  belongs  to  the  retina.  The  connective 
tissue  of  the  choroid  consists  of  elastic  fibres  and 
numerous  branched  pigment  cells.  The  vascular  supply 
is  from  the  short  posterior  ciliary  arteries  (fig.  2,  s.  oil.) 
and  the  venae  vorticosae  (fig.  2,  v. v.)  are  the  emissary 
veins.  The  nerve  supply  is  derived  from  the  long  and 
short  ciUary  nerves. 

CONGENITAL  DEFECTS. — Coloboma  is  a  developmental 
defect  in  the  choroid,  as  a  rule  situated  below  the 
optic  disc,  and  generally  associated  with  some  other 
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congenital  abnormality  of  the  eye,  as  coloboma  of  the  iris 
When  examined  by  the  ophthalmoscope,  it  appears  as 
a  bright  white  triangular  patch,  bordered  by  black  pig- 
ment, depressed  below  the  general  sm-face  of  the  fundus, 
and  having  a  rounded  apex  at  or  above  the  optic  disc. 
The  white  colour  is  due  to  the  sclerotic  being  visible 
owing  to  absence  of  the  choroidal  pigment.  The  retinal 
vessels  cross  it,  but  as  the  retina,  is  also  imperfectly 
developed,  there  is  an  absolute  or  relative  scotoma  cor- 
responding to  the  area  of  the  coloboma. 

Albinism  is  the  term  applied  to  the  condition  when 
the  pigment  of  the  uveal  tract  is  wanting,  and  is  as- 
sociated with  a  lack  of  pigment  elsewhere  in  the  body. 
The  pupil  appears  reddish-pink  instead  of  black,  and  the 
iris  pink.  The  fundus  is  pale,  and  its  choroidal  vessels 
very  distinct.  Vision  is  defective,  and  nystagmus  and 
ametropia  are  generally  present.  With  increase  of  years 
there  is  a  tendency  to  deposition  of  pigment.  The  photo- 
phobia, which  is  usually  present,  is  reheved  by  wearing 
tinted  glasses  in  bright  Hghts. 

CHOROIDITIS,  or  inflammation  of  the  choroid,  is  rarely 
met  with  unless  the  retina  is  also  implicated,  owing 
to  the  proximity  and  close  relationship  of  these  struc- 
tures. For  this  reason  nearly  all  cases  of  choroiditis 
would  be  better  described  as  choroido-retinitis.  It  must 
therefore  be  understood  that  in  the  following  description 
of  choroiditis,  the  inflammation  occurs  primarily  in  the 
choroid,  though  the  retina  is  secondarily  involved. 
Choroiditis  may  be  divided  into  two  forms  :  plastic  (non- 
purulent) and  purulent.  Severe  pain  or  external  signs 
are  only  present,  as  a  rule,  in  the  purulent  form,  or  in 
cases  where  the  disease  is  part  of  a  more  general  m- 
fiammation. 

Plastic  {iion-imruUnt  or  extidative)  Choroiditis  is 

characterised  by  certain  general  signs  and  symptoms 
apart  from  the  special  features  of  its  varieties. 
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The  symptoms  consist  of  disturbances  of  vision,  the 
intensity  of  which  depends  on  the  situation  of  the  choroidal 
disease,  the  extent  of  imphcation  of  the  retina  and  the 
condition  of  the  vitreous.  In  the  early  stages,  flashes  of 
light,  bright  sparks  before  the  eyes,  and  halos  around 
hghts  occur ;  in  the  later,  there  may  be  scotomata  and 
contraction  of  the  fields  of  vision.  Choroiditis  may  be 
very  extensive  and  gross  in  pigmentation  without  any 
effect  on  the  vision. 

The  signs  are  only  to  be  seen  by  means  of  the 
ophthalmoscope,  and  consist  of  localised  patches  of 
effusion  which  render  the  involved  surface  of  the  fundus 
uneven  and  indistinct.  The  more  recent  patches  vary  in 
size  and  position,  are  soft-looking,  yellowish-white  or  grey, 
with  ill-defined  edges.  After  absorption  of  the  effusion, 
which  may  take  many  months,  there  remains  a  definite 
area  of  atrophied  choroid.  If  superficial,  this  patch  is 
yellowish  in  colour,  with  the  choroidal  vessels  well  seen. 
If  deep,  it  is  opaque  white,  owing  to  exposure  of  the 
sclerotic,  and  the  edges  are  fringed  with  black  pigment ; 
such  patches  of  atrophied  choroid  are  ringed,  diffuse,  or 
punctate  in  shape. 

The  pigment  found  in  choroiditis  is  dark  brown  or 
black  in  colour,  very  irregular  in  shape,  often  like  ink 
blots,  and  much  heavier-looking  and  more  deeply  seated 
than  retinal  pigment.  The  retinal  blood-vessels  lie  super- 
ficial to  the  effusions,  pigment,  and  atrophied  patches  in 
the  choroid.  Vitreous  opacities  are  frequently  present, 
and  the  retina  is  as  a  rule  involved. 

CovipLications  and  sequelce. — There  may  be  inflam- 
mation of  the  iris,  retina,  and  sclerotic ;  as  a  result 
of  the  last,  some  form  of  bulging  (staphyloma)  may  ensue. 
Optic  neuritis,  vitreous  opacities,  and  posterior  polar 
cataract  also  occur.  Causation. — In  many  cases  there 
is  no  apparent  cause  ;  some  are  the  result  of  syphihs  (ac- 
quired or  hereditary),  tubercle  and  anaemia.   Choroiditis  is 
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found  in  myopia,  disease  of  the  central  nervous  system, 
and  after  haemorrhage  into  and  injury  of  the  choroid. 
Pathology. — Microscopic  examination  of  a  recent  patch 
of  choroiditis  reveals  an  exudation  of  small  round  cells 
confined  to  the  inner  (capillary)  layer  of  the  choroid ;  in 
tubercular  cases  giant  cells,  and  sometimes  tubercle  bacilli 
are  found.  At  a  later  stage,  the  pigment  cells  proliferate 
and  those  beneath  the  exudation  become  absorbed,  giving 
rise  to  the  white  patches  ;  occasionally,  some  pigment 
cells  persist  and  produce  the  black  patches  above  spoken 
of.    The  adjacent  layers  of  the  retina  are  destroyed. 

Diagnosis. — The  recent  patches  are  difficult  to  dis- 
tinguish from  those  of  retinitis,  but  the  colour  is  more 
yellow  and  not  so  milk-white  or  opalescent,  the  effusion 
is  deeper,  and  the  retinal  blood-vessels  are  superficial.  In 
the  later  stages  the  presence  of  patches  of  opaque,  white 
sclerotic,  bordered  by  black  pigment,  makes  the  diagnosis 
easier. 

Prognosis.— Atro-phy  of  the  choroid  generally  follows 
choroiditis,  and  the  condition  of  vision  depends  upon  the 
position  of  the  changes.- 

The  treatment  common  in  all  cases  of  choroiditis  is  to 
rest  the  eyes  as  much  as  possible,  to  use  tinted  glasses 
or  goggles,  and  to  avoid  bright  lights. 

The  special  forms  of  plastic  choroiditis  are  those 
occurring  in  syphihs,  tubercle,  high  myopia,  and  old  age. 

Syphilitic  choroiditis  may  be  divided  into  acute 
and  disseminated. 

The  acute  form  occurs  as  a  rule  in  the  secondary 
stage  of  acquired  syphihs,  and  is  accompanied  by  retinitis. 
The  exudative  patches  are  small,  yellowish  in  colour, 
mostly  near  the  periphery,  which  from  the  consecutive 
superficial  atrophy  presents  a  marbled  or  pebbly  appear- 
ance. Vitreous  opacities  are  always  found,  aud  the 
effusion  is  in  the  capillary  layer  of  the  choroid. 

Disseminated  choroiditis  (Plate  II.  a)  is  the  form-in  which 
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the  foci  of  inflammation  are  scattered  over  the  fundus, 
especially  near  the  periphery.  It  is  generally  found  in 
both  eyes,  and  in  acquired  as  well  as  in  hereditary  syphilis. 
It  occurs  at  all  ages,  and  may  be  present  at  birth.  The 
choroidal  changes  consist  of  patches  of  pigment  and 
discrete  round  white  spots  fringed  by  pigment  {ringed 
choroiditis).  The  white  colouration  is  due  to  the  sclerotic 
showing  through ;  some  yellowish  spots  of  superficial 
atrophy  may  be  found  in  recent  cases.  These  changes 
probably  follow  exudative  choroiditis,  but  the  early  stage 
is  not  as  a  rule  seen.  When  the  disease  is  limited  to  the 
periphery  the  vision  may  be  unaffected,  but  if  the  yeUow 
spot  area  is  implicated,  acuity  of  the  vision  is  much  reduced. 
The  retina  is  generally  involved,  and  with  the  optic  disc, 
may  become  atrophied  ;  vitreous  opacities  are  generally 
present. 

The  constitutional  treatment  is  mercury,  administered 
either  by  inunctions  or  by  the  mouth.  Iodide  of  potassium 
or  iodide  of  ammonium  may  also  be  given  alone,  or  in  com- 
bination with  mercury.  In  acute  cases,  atropine  drops 
may  be  used  to  keep  the  iris  and  ciliary  muscle  at  rest. 

Myopic  choroiditis  (fig.  41).— Owing  to  the  increase 
in  length  of  the  myopic  eye  and  the  thinning  and  bulging 
of  the  sclerotic  in  the  neighbourhood  of  the  optic  nerve 
entrance,  stretching  of  the  choroid  takes  place.  The  effect 
of  this  is  mostly  seen  at  the  temporal  side  of  the  disc  as 
a  myopic  crescent  (Plate  IV.  b)  or  posterior  staphyloma. 

In  high  myopia  (fig.  41)  there  is  usually  a  mottled 
and  striped  appearance  due  to  thinning  of  the  choroid  ; 
atrophic  choroidal  patches  may  be  found,  generally 
at  the  outer  side  of  and  near  the  disc,  and  are 
irregular  in  shape  with  pigmented  edges.  In  some 
cases,  yellowish-white  zigzag  lines  may  be  seen  in  the 
choroid,  and  are  a  grave  sign,  denoting  active  stretching 
of  the  choroid.  At  the  yellow  spot  there  may  be  sooty 
pigment  changes. 
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Myopes,  during  the  active  stage  of  choroiditis,  complain 
of  dull  aching  pain  in  the  eyes,  cloudy  vision,  floating 
spots  before  the  eyes,  and  metamorphopsia. 

Mercurial  treatment  is  frequently  beneficial  in  these 
cases,  when  the  choroidal  changes  are  progressive.  The 
general  health  must  be  carefully  studied,  especially  as 
to  the  hygienic  surroundings.  Atropine  drops  (P.  1) 
should  be  ordered,  and  at  times  leeches  and  bhsters. 

Tubercular  choroiditis  '  appears  in  two  forms  :  (1) 
as  small  miliary  tubercles,  pale  pink  or  white  in  colour. 


Fig.  41. — M-sopic  Choroiditis 


surrounded  by  retinal  haze  and  CBdema,  and  situated  near 
the  disc  and  yellow  spot ;  these  are  of  diagnostic  import- 
ance only,  as  they  are  met  with  in  the  course  of  acute 
mihary  tuberculosis  and  tubercular  meningitis  ;  (2)  as  a 
solitary  tubercular  mass,  generally  at  the  yellow  spot, 
which  may  be  mistaken  for  ghoma. 

The  tubercular  patches  are  found  in  the  deep  layers  ot 
the  choroid,  and  though  giant  cells  are  always  present, 

•  Mules,  'Tubercle  of  Choroid,'  Trans.  Ophth.  Soc.  vol.  iv. 
p.  160,  Plate  VII.  fig.  1. 
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tubercle  bacilli  are  rarely  found.  Treatment  is  of  no 
avail. 

Senile  choroiditis. — In  people  over  sixty  years  of  age 
changes  are  frequently  to  be  found  in  the  choroid  about 
the  yellow  spot  region,  and  are  often  the  cause  of  the  bad 
sight  following  extraction  of  cataract.  Eor  this  reason 
it  is  very  important  that  the  yellow  spot  region  should 
be  carefully  examined  in  all  cases  of  incipient  senile  cata- 
ract. In  many  cases  this  choroidal  change  is  black  and 
mottled  (sooty  choroiditis)  or  appears  as  a  light  yellowish 
patch.  Two  other  forms  have  been  described : — one,  a  large 
depressed  circular  superficial  patch  with  the  choroidal 
vessels  running  across  and  giving  it  a  striped  appearance  ; 
the  other,  first  described  by  Tay  and  known  as  central 
guttate  choroiditis,  consists  of  small  glistening  yellowish- 
white  scattered  spots  '  without  pigmentatic^i)  due  probably 
to  deposits  in  the  superficial  layers  of  the  cihoroid. 

Treatment  is  useless. 

Purulent  choroiditis,  which  is  very  acute  in 
its  onset,  is  marked  by  oedema  and  swelling  of  the  lids, 
with  chemosis  and  infiltration  of  the  subconjunctival 
and  orbital  tissues  producing  proptosis.  Iritis  is  usually 
present,  and  vitreous  opacities  obscure  a  view  of  the 
fundus.  A  yellowish  deep  reflex  may  be  seen,  due  to 
purulent  infiltration,  to  which  the  name  psetido-glioma 
has  been  given.  There  is  great  pain  in  these  cases  and 
rapid  loss  of  vision  ;  they  generally  develop  into  pan- 
ophthalmitis, though  they  are  sometimes  limited  to  the 
choroid,  ciliary  body,  and  iris. 

The  most  common  cause  is  sepsis  following  a  wound 
of  the  eyeball ;  but  it  also  results  frora  metastasis  in 
pyaemia,  septicaemia,  and  cerebro-spinal  meningitis. 

MALIGNANT  TUMOUES  of  the  choroid  are  almost 
entirely  confined  to  sarcoma  ;  carcinoma  occurs  rarely 

'  Trans.  Ophtli.  Soc.  vol.  iv.  Plate  II.  fig.  2. 
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as  a  secondary  deposit,  and  cannot  be  distinguished 
from  sarcoma  before  removal  of  the  eye.  By  the  ophthal- 
moscope, a  choroidal  sarcoma  in  the  first  or  early  stage  is 
seen  as  a  fixed  prominence  of  a  brown  or  opaque  white 
colour  beneath  the  retina.  It  is  usually  situated  near  the 
posterior  pole  of  the  eye,  and  may  be  lobulated ;  the  retinal 
vessels  pass  over  it,  and  there  may  be  haemorrhages 
and  black  pigment  patches  in  the  retina  covering  it,  and 
simple  detachment  of  the  retina  in  its  proximity. 

The  symptoms,  which  vary  greatly  according  to  the 
situation  of  the  tumour,  are  diminution  of  visual  acuity, 
scotomata,  and  flashes  of  hght  and  sparks  before  the  eyes 
arising  from  choroidal  irritation. 

The  intra-ocular  tension  during  this  stage  is  normal 
or  may  be  increased. 

The  tumour,  in  its  growth,  detaches  the  retina  around 
it,  and  spreads  to  the  neighbouring  tissues  [second  stage), 
especially  invading  the  vitreous  chamber,  and,  pushing  the 
lens  and  iris  forwards,  produces  increased  tension  with 
signs  of  inflammatory  glaucoma. 

The  after  history  and  treatment  are  given  under 
'  Sarcoma  of  the  uveal  tract '  (p.  169). 

Diagnosis— Hvluxovj:  of  the  choroid  in  the  first  stage 
may  be  mistaken  for  simple  detachment  of  the  retina, 
ghoma,  pseudo-ghoma,  or  solitary  tubercle.  From  simple 
detachment  of  the  retina,  it  may  be  diagnosed  by  its 
fixed  position,  more  sohd  and  less  transparent  look, 
presence  of  pigmentation  near  vessels,  and  absence  of  a 
history  likely  to  produce  detachment.  The  intra-ocular 
tension  may  be  a  little  increased,  whereas  in  simple 
detachment  the  tension  is  normal  or  lowered. 

Prom  glioma,  the  chief  differences  are  its  occurrence  in 
adults  and  not  in  children,  and  the  presence  of  pigmen- 
tation. 

From  pseudo-ghoma,  the  absence  of  signs  of  iritis  and 
the  increased  tension  distinguish  it. 
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From  solitary  tubercle,  the  diagnosis  is  at  first  difficult, 
but  there  is  a  tendency  to  quickly  break  down  in  tubercle, 
rather  than  to  increase  rapidly  in  size. 

In  the  second  stage,  the  case  is  difficult  to  diagnose 
from  glaucoma,  especially  when  the  lens  is  opaque,  and 
many  eyes  have  been  excised  for  absolute  glaucoma  and 
a  tumour  afterwards  found  in  them.  In  such  cases, 
some  of  the  conjunctival  or  muscular  vessels  are  often 
enormously  distended,  and  the  perforating  arteries  may 
be  enlarged  and  form  new  vessels  on  the  iris. 

Ossification  of  the  choroid. — In  an  eye  blind  for 
a  long  time  from  plastic  uveitis,  especially  when  shrunken, 
a  plate  or  shell  of  bone  may  be  found  in  the  choroid.  It 
is  usually  part  of  a  sphere  with  an  oval  aperture  at  the 
entrance  of  the  optic  nerve,  and  may  be  perforated  by 
small  vessels.  The  new  bone  is  developed  in  the  inflam- 
matory tissue.  The  condition  may  be  diagnosed  some- 
times by  the  hardness  of  the  atrophied  eye  ;  sympathetic 
inflammation  has  been  produced  by  these  osseous 
changes.    The  treatment  is  the  removal  of  the  eye. 

Detachment  of  the  choroid  '  from  the  sclerotic  is 
rare  and  is  usually  only  found  after  the  eye  has  been  re- 
moved. It  may  be  due  to  haemorrhage  resulting  from  an 
operation  with  much  loss  of  vitreous,  serous  exudation, 
or  to  a  sarcoma.  With  the  ophthalmoscope,  it  has  been 
diagnosed  by  the  choroidal  vessels  being  seen  beneath 
the  retina  covering  the  swelHng.  There  is,  as  a  rule, 
minus  tension  in  these  cases,  which  generally  occur  in 
shrunken  eyes. 

Rupture  of  the  choroid  is  produced  by  a  blow  on 
the  eyeball,  and  is  at  first  accompanied  by  haemorrhage 
from  the  choroidal  or  retinal  vessels,  which  prevents  a 
view  of  the  injury. 

After  the  blood  has  cleared  up,  the  rupture  is  seen 

'  Marshall,  '  Detachment  of  the  Choroid,'  Trans.  Ophth.  Soc.  vol. 
xvi.  p.  08. 
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as  a  narrow,  yellowish-white,  crescentic  band,  bordered 
by  black  pigment,  and  crossed  by  the  retinal  vessels. 
It  is  generally  concentric  with  and  in  the  neighbourhood 
of  the  optic  disc.  The  vision  is  not  much  affected  unless 
the  rupture  passes  through  the  yellow  spot  region. 

Treatment  is  to  keep  the  patient  in  bed  with  the  eyes 
bandaged  for  at  least  a  fortnight,  and  the  pupil  may  be 
dilated  by  atropine. 
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CHAPTER  XI 

DISEASES  OF  THE  WHOLE  UVEAL  TRACT 

tJVEITIS  or  inflammation  of  the  whole  uveal  tract 
has  its  origin,  as  a  rule,  in  the  ciliary  body,  and  presents 
a  combination  of  the  chief  signs  and  symptoms  of  cyclitis, 
iritis,  and  choroiditis.  It  comprises  plastic  uveitis,  in- 
cluding sympathetic  ophthalmitis,  and  pundent  uveitis, 
generally  called  panophthalmitis. 

Plastic  uveitis  may  be  divided  into  three  groups  of 
cases  :  (1)  traumatic,  (2)  idiopathic,  (3)  sympathetic. 

1.  The  traumatic  class,  as  its  name  implies,  follows  an 
injury  or  wound  of  the  eyeball  and  begins  generally  as 
plastic  cyclitis  (page  138),  the  inflammation  gradually 
spreading  to  the  iris  and  choroid.  Though  the  course  of  the 
disease  is  generally  more  acute,  it  resembles  so  much  in  its 
main  features  the  next  class,  that  it  may  be  considered 
with  it. 

2.  The  idiopathic  form  can  be  divided  clinically  into 
two  groups,  adult  and  infantile. 

The  adult  group  is  found  in  both  sexes  between  the 
ages  of  fifteen  and  thirty,  though  females  are  more  liable 
to  it.  One  eye  only  is  affected  at  first,  but  the  other 
usually  follows  suit.  It  is,  as  a  rule,  chronic,  slow,  and 
insidious  in  its  course  ;  the  patients  are  generally  of 
tubercular,  syphilitic  (hereditary),  or  rheumatic  diathesis. 

The  first  symptoms  are  those  of  plastic  cyclitis  (page 
138)  with  well-marked  punctate  deposits  on  Descemet's 
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membrane.  These  are  soon  followed  by  iritis  with 
numerous  posterior  synechias  and  frequently  increased 
tension.  Vitreous  opacities,  peripheral  choroiditis, 
shrinking  of  the  vitreous  and  detachment  of  the  retina, 
diminution  of  tension  and  atrophy  of  the  globe  are  the 
later  stages  of  the  disease,  which  may  terminate  in  com- 
plete blindness. 

The  infantile  group  is  met  with  in  children  from  three 
months  to  four  years  of  age,  the  subjects  of  hereditary 
syphilis,  or  suffering  from  one  of  the  exanthemata  as 
measles,  or  cerebro-spinal  meningitis.  The  symptoms 
are  generally  at  first  acute  with  great  swelling  of  the  lids, 
deep  ciliary  congestion,  iritis,  and  increased  tension  ;  the 
fundus  cannot,  as  a  rule,  be  illuminated.  After  the  acute 
inflammatory  stage  the  eye  passes  into  an  atrophic  con- 
dition with  diminished  tension,  shallow  anterior  chamber, 
pin  point  pupil,  and  generally  complete  loss  of  sight.  A 
yellowish  reflex  is  often  to  be  seen  through  the  pupil,  and 
is  due  to  lymph  situated  in  the  choroid  behind  the  retina 
{pseuclo-glioma) . 

Pathology— There  is  a  small  cell  infiltration  of  the 
whole  uveal  tract  with  formation  of  lymph,  and  subse- 
quent fibroid  change  and  contraction. 

The  prognosis  in  most  cases  is  bad,  and  vision  is 
generally  much  reduced  and  even  lost.  In  the  very 
chronic  adult  cases,  the  vision  may  be  scarcely  affected 
for  some  years,  but  a  few  punctate  deposits  are  always  to 
be  found  on  the  cornea. 

The  treatment  is  atropine  drops,  unless  there  be 
increased  tension,  when  eserine  or  pilocarpine  may  be 
employed;  fomentations  and  leeches  are  to  be  used 
when  there  is  much  congestion  and  pain.  Iridectomy 
may  be  resorted  to,  but  is  generally  unsatisfactory  from 
the  coloboma  becoming  filled  with  lymph.  General  con- 
stitutional treatment  is  indicated. 

3.  The  Sympathetic  class  is  usually  described  under 
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the  name  of  sympathetic  ophthalmitis  {sympathetic 
ophthalmia),  and  is  an  inflammation  of  the  uveal  tract 
set  up  in  one  eye  from  the  effect  of  inflammatory  changes, 
generally  of  infective  traumatic  origin,  in  the  other  eye. 
The  cases  on  record  of  sympathetic  inflammation  occur- 
ring without  a  perforating  w^ound  are  very  few  and  rare. 

The  eye  originally  affected  is  called  the  exciting,  and 
the  one  secondarily  attacked,  the  sympathising  eye.  It  is 
an  exceedingly  serious  disease  and  was  formerly  more 
frequently  met  with  than  now.  This  is  mainly  owing  to 
surgical  cleanliness,  and  its  partial  banishment  is  one 
of  the  triumphs  of  aseptic  and  antiseptic  surgery.  No 
ocular  affection  is  to  be  more  dreaded  by  the  surgeon,  as 
in  almost  every  case  the  sympathising  eye  is  left  in  a 
worse  condition,  as  far  as  vision  is  concerned,  than  the 
exciting.  It  occurs  at  all  ages,  but  is  more  frequently 
seen  in  the  young  than  in  the  old. 

Sympathetic  ophthalmitis  is,  as  a  rule,  but  not  always, 
preceded  by  a  group  of  symptoms  in  the  sympathising 
eye,  to  which  the  term  sympathetic  irritation  has  been 
applied.  These  must  be  carefully  watched  for  in  any 
case  of  severe  injury  to  an  eye,  as  by  active  treatment 
the  more  serious  consequences  may  be  warded  off.  The 
symptoms  are  dimness  of  vision,  increased  lachrymation 
and  photophobia,  accompanied  by  conjunctival  conges- 
tion. The  photophobia  and  lachrymation  are  out  of  all 
proportion  to  the  objective  signs ;  the  dimness  of  vision 
may  exist  for  all  distances,  but  is  more  frequently  due  to 
defective  accommodation,  the  patients  complaining  of 
asthenopia  when  using  the  eyes  for  close  work.  In  order 
to  avoid  an  error  in  diagnosis  it  is  advisable  to  estimate 
the  refraction  and  range  of  accommodation.  Neuralgia 
along  the  frontal  nerves  may  be  present,  and  the  patient 
may  complain  of  seeing  sparks  and  coloured  hghts.  The 
pupil  has  been  described  as  abnormally  irritable  and 
as  oscillating  more  frequently  than  in  health.    In  the 
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exciting  eye  the  most  marked  symptom  is  tenderness 
over  the  ciliary  region,  combined  with  an  irritable  appear- 
ance of  the  eye  itself. 

Symptoyns  and  signs  of  sympathetic  ophthalmitis. — 
There  is  always  a  '  latent  period '  before  the  outbreak 
of  sympathetic  ophthalmitis,  which  usually  varies  from 
three  to  six  weeks  from  the  time  of  injury  of  the  exciting 
eye,  but  cases  have  been  known  to  occur  as  early  as  ten 
days,  and  as  late  as  thirty  years  afterwards. 

The  first  symptoms  complained  of  in  the  sympathising 
eye  are  dimness  of  vision,  photophobia  and  tenderness 
in  the  cihary  region;  but  these  vary  according  to  the 
severity  of  the  disease,  which  may  commence  insidiously 
without  any  marked  signs  of  inflammation. 

The  first  signs  to  appear  are  circumcorneal  injection 
and  small  punctate  deposits  on  the  posterior  epithehum 
of  the  cornea,  deep  anterior  chamber,  and  sometimes 
dilated  pupil.  The  corneal  deposits  (fig.  27),  which  are 
nearly  always  present,  must  be  carefully  looked  for  with 
a  high  magnifying  glass.  They  vary  in  size  and  number, 
are  frequently  rusty-coloured  and  flocculent,  alter  their 
position  with  that  of  the  head  if  the  latter  remains  for  a 
lengthened  period  in  one  posture,  and  may  be  either 
scattered  or  arranged  in  the  shape  of  a  conical  bullet 
with  the  apex  upwards. 

Some  cases,  by  treatment,  may  not  pass  beyond  the 
stage  of  cyclitis,  or,  at  all  events,  cyclitis  with  shght  iritis, 
but  as  a  rule  the  plastic  inflammation  affects  the  whole 
uveal  tract. 

The  usual  course  is  that  §evere  iritis  ensues  with 
great  effusion  of  lymph,  producing  thickening  of  the  iris 
stroma  ;  the  iris  becomes  yellowish-brown  in  colour,  loses 
all  trace  of  its  markings,  and  new  blood-vessels  appear  on 
its  surface.  The  pupil  is  small,  bound  down  by  posterior 
synechise,  and  often  obUterated  by  lymph.  The  anterior 
chamber,  at  first  deep,  becomes  shallow  and  partly  filled 
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with  an  exudation  consisting  of  spongy  lymph  rather  than 
pus.    The  lens  usually  becomes  opaque. 

The  choroid  is  affected  by  the  same  plastic  inflamma- 
tion, but  signs  of  choroiditis  cannot  be  seen  by  the 
ophthalmoscope,  owing  to  the  inflammatory  changes  in 
the  front  part  of  the  eye  and  in  the  vitreous.  The  vitreous 
contains  numerous  opacities  and  tends  to  shrink,  causing 
detachment  of  the  retina. 

The  intra-ocular  tension,  at  first  raised,  becomes 
diminished,  and  the  eye  passes  into  the  condition  of 
general  atrophy  (phthisis  hulhi). 

Papillitis  and  retino-papillitis  have  been  described  as 
early  signs,  and  whitening  of  the  eyelashes  has  also  been 
observed. 

Causation. —  Sympathetic  ophthalmitis  is  probably 
microbic  in  its  origin,  and  therefore  is  rarely  found  unless 
there  has  been  a  wound  (traumatic  or  surgical)  extending 
through  the  sclerotic  or  cornea  of  the  exciting  eye,  but 
undoubtedly  cases  have  been  met  with  not  resulting  from 
a  wound.  It  is  probably  necessary  that  there  should  be 
active  inflammation  of  the  uveal  tract  of  the  exciting  eye 
at  the  onset  of  the  sympathetic  inflammation.  The 
injuries  most  likely  to  be  followed  by  this  serious  disease 
are  jagged  and  perforating  wounds  in  the  ciliary  region 
(fig.  31,  c),  especially  if  produced  by  a  dirty  instrument, 
as  a  fork  or  pair  of  scissors,  and  this  danger  is  much 
increased  if  the  lens  be  wounded  or  a  foreign  body  be 
present  in  the  eyeball.  . 

It  has  followed  operations,  as  cataract  extraction,  iridec- 
tomy, sclerotomy,  but  probably  only  when  the  base  of  the 
iris  or  the  ciliary  processes  have  been  entangled  in  the 
wound ;  a  few  cases  have  been  recorded  after  the  opera- 
tions of  needling,  abscission,  evisceration,  and  excision. 
Among  other  causes  are  perforating  ulcer,  symblepharon, 
intra-ocular  sarcoma,  shrunken  globe  following  panoph- 
thalmitis, plastic  uveitis,  and  ossification  of  the  choroid. 
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The  changes  in  the  sympathising  eye  are  those  of 
plastic  uveitis,  and  generally  start  from  the  ciliary  hody, 
and  thence  throughout  the  whole  uveal  tract,  though 
occasionally  the   disease   may  remain  limited    to  its 
anterior  portion.    The  exact  method  of  the  transmission 
of  the  disease  from  the  exciting  to  the  sympathising  eye 
is  still  uncertain,  but  the  nature  of  the  disease,  namely, 
plastic  u.veitis,  is  the  same  in  both  eyes.    The  most  pro- 
bable theory  (Deutschmann)  is  that  the  disease  spreads 
along  the  interior  of  the  sheath  of  the  optic  nerve  on  one 
side  to  the  chiasma,  and  then  along  the  optic  nerve  of  the 
other  side  ;  its  mode  of  ingress  into  the  sympathising  eye  is 
probably  by  the  lymphatic  tract.    Experiments  on  injec- 
tion of  bacilli  into  the  sheath  of  the  optic  nerve  have 
demonstrated  their  passage  as  far  as  the  optic  nerve  on  the 
other  side  (Gifford).   This  theory  would  explain  the  trans- 
mission of  the  disease  when  infective  material  has  been 
introduced  into  the  exciting  eye  by  a  wound,  but  is  difficult 
of  explanation  in  cases  in  which  the  virus  has  lain  dormant 
for  twenty  years,  or  where  the  excitant  is  an  intra-ocular 
sarcoma.    Another  theory  gives  the  blood-vessels  as  the 
means  of  conveyance  of  the  disease  (Berhn,  Hutchinson), 
and  reflex  irritation  through  the  cihary  and  optic  nerves 
has  also  been  suggested. 

The  prognosis,  if  the  whole  uveal  tract  has  become 
involved,  is  very  unfavourable,  and  the  eye  as  a  rule 
becomes  lost  for  useful  vision  and  often  completely  bhnd. 
A¥hen  Hmited  to  the  anterior  part  of  the  uveal  tract  the 
result  is  generally  very  destructive  to  vision,  but  a  few 
cases  have  recovered  with  good  and  occasionally  even 
normal  vision. 

Treatment. — In  cases  of  sympatlietic  irritation  the  con- 
dition of  the  exciting  eye  is  first  to  be  considered  carefully, 
and  the  rule  is  to  excise  such  an  eye,  remembering  that 
sympathetic  irritation  is  generally  followed  in  time  by  sym- 
pathetic ophthalmitis.    The  only  possible  reason  for  not 
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excising  in  such  a  case  is  the  possession  of  useful  vision  in 
the  exciting  eye.  When  syinpathetic  opJUhalv litis  has  defi- 
nitely commenced,  its  course  can  as  a  rule  be  little  altered 
by  excision  of  the  exciting  eye ;  if  this  eye  be  blind  or 
have  only  perception  of  light  it  should  be  straightway 
removed.  I  would  always  excise  the  eye  in  such  cases, 
and  never  do  a  partial  operation,  as  abscission  or 
evisceration.  If,  on  the  contrary,  the  exciting  eye  has 
fair  vision,  and  is  not  in  an  active  state  of  inflammation, 
it  should  be  saved,  as  the  probability  is  that  the  sympa- 
thising eye  will  be  more  seriously  damaged  than  the 
exciting.  The  treatment  of  the  sympathising  eye  (whether 
the  exciting  eye  has  been  removed  or  not)  is  the  same  as 
that  in  a  case  of  plastic  uveitis.  Atropine  drops  should  be 
used  several  times  a  day,  and  the  patient  at  first  kept  in 
bed,  either  in  a  darkened  room  or  with  his  eyes  protected 
by  deep-tinted  goggles.  Unless  otherwise  indicated,  he 
should  be  brought  under  the  influence  of  mercm-y,  pre- 
ferably by  inunctions  ;  quinine  may  sometimes  be  given, 
or  hypodermic  injections  of  pilocarpine.  If  there  be 
much  pain  and  congestion,  leeches  should  be  appHed  to 
the  temple  or  behind  the  ear.  The  treatment,  owing  to 
the  disease  lasting  from  six  months  to  two  years,  is 
very  prolonged,  and  the  general  health  must  be  carefuUy 
attended  to.  Any  operative  procedure,  as  iridectomy,  to 
improve  the  vision  must  be  put  off  till  all  active  signs  of 
inflammation  have  ceased,  otherwise  the  desired  effect 
of  the  operation  would  be  frustrated  by  exudation  of 
lymph  filling  up  any  coloboma  produced. 

Purulent  uveitis  includes  the  class  of  cases 
generally  described  under  the  heading  of  panophthalmitis, 
and  is  characterised,  as  its  name  implies,  by  the  presence 
of  pus  in  the  uveal  tract. 

The  sympitoms  are  very  acute  and  the  attack  is  ushered 
in  by  constitutional  disturbance,  such  as  fever,  vomiting, 
&c.    There  is  severe  neuralgic  and  throbbing  pain  in 
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the  brow,  temple,  and  eye,  and   the  vision  is  much 
diminished.    The  Hds  are  swollen,  red,  and  oedematous ; 
the  conjunctival  and  episcleral  vessels  are  deeply  con- 
gested ;  the  conjunctiva  is  chemosed  and  the  cornea  has 
a  dulled  appearance.    If  there  is  a  wound,  it  usually  has 
a  sloughy  appearance,  with  a  discharge  of  pus  from  it. 
Purulent  iritis  and  cyclitis  soon  supervene  with  hypopyon 
After  a  few  days  the  eyeball  is  pushed  forward  and 
its  movements  are  limited,  owing  to  the  inflammation 
spreading  to  Tenon's  capsule ;  if  the  media  are  trans- 
parent enough  a  yellowish  reflex  can  be  seen,  due  to  sup- 
puration in  the  vitreous  chamber.     The  iris  is  bulged 
forwards  and  the  intra-ocular  tension  is  much  increased. 
If  the  disease  is  left  to  take  its  own  course,  the  pro- 
gress is  slow  and  attended  by  great  pain ;  after  a  time 
perforation  occurs  through  the  anterior  portion  of  the 
sclerotic  and  pus  is  discharged  through  this  opening, 
followed  by  immediate  rehef  of  the  pain.    The  eyeball 
gradually  shrinks  until  the  eye  becomes  a  small  stump 
resembling  a  button.     It  is  two  or  three  months  before 
the  eye  quiets  down.    In  cases  resulting  from  septic 
embolism  both  eyes  may  be  attacked  at  the  same  time, 
but  in   those   due   to   other  causes  only  one  eye  is 
affected. 

Causation— It  follows,  as  a  rule,  the  introduction  of 
septic  material  into  the  eyeball,  either  directly  through  a 
wound  or  perforation,  but  may,  more  rarely,  be  produced 
in  cases  of  pyaemia  by  an  embolus.  Punctured  and 
lacerated  wounds  of  the  eyeball,  especially  if  comphcated 
with  the  presence  of  a  foreign  body,  are  the  most  fi'equent 
cause  ;  it  may  follow  operation  wounds  such  as  extraction 
of  cataract,  and  has  resulted  from  a  perforating  or  infec- 
tive corneal  ulcer.  PatJiology.— It  generally  commences 
by  suppuration  in  the  cihary  body  or  choroid,  and  the 
pus  formed  then  detaches  the  retina  and  passes  into  the 
vitreous,  giving  rise  to  the  yellow  reflex,  and  the  whole 
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eye  becomes  an  abscess  cavity,  even  the  interior  of  the 
sclerotic  coining  away  in  sloughs. 

Treatment.— Theve  is  practically  no  chance  of  saving 
the  eye  for  useful  vision.  Incisions  may  be  made  through 
the  cornea  to  give  free  vent  to  the  pus,  or  the  cornea  may 
be  removed  by  cutting  round  it  with  a  knife  or  pair  of 
scissors,  and  the  contents  of  the  eyeball  cleared  out,  the 
cavity  being  filled  up  with  absorbent  cotton  wool  and 
iodoform.  The  eyeball,  in  my  opinion,  should  never  be 
excised  during  the  inflammatory  stage,  as  meningitis  fol- 
lowed by  death  of  the  patient  has  been  known  to  ensue. 

Sarcoma  usually  has  its  origin  in  the  choroid.  Fuchs^ 
out  of  259  cases  gives  the  starting  point  of  221  in  the 
choroid,  22  in  the  ciliary  body,  and  16  in  the  iris.  Law- 
ford  and  CoUins  ^  in  103  cases  give  94  as  commencing  in 
the  choroid,  6  in  the  ciliary  region,  and  1  in  the  iris.  The 
tumour  is  generally  of  the  melanotic  kind,  but  the  pig- 
ment is  sometimes  very  scanty  and  difficult  to  make  out ; 
it  may  be  round  or  spindle-celled  and  often  is  very  vascular. 
It  occurs  about  equally  in  either  sex  and  the  usual  age 
is  between  thirty  and  fifty ;  it  is  almost  unknown  in 
children  and  very  rarely  affects  both  eyes. 

The  course  of  an  intra-ocular  sarcoma  is  generally 
divided  into  four  stages.  In  the  first  stage  it  is  limited  to 
the  tissue  it  commences  in.  The  second  stage  is  when  the 
growth  spreads  into  the  other  ocular  tissues  and  tends  to 
fiU  up  the  cavity  of  the  eyeball.  A  choroidal  sarcoma 
as  a  rule  grows  posteriorly  into  the  vitreous  chamber  and 
pushes  the  lens  and  iris  forwards,  producing  generally 
a  cataractous  condition  of  the  lens ;  a  ciliary  sarcoma 
usually  grows  backward  into  the  vitreous,  but  may 
come  forward  into  the  anterior  chamber,  while  sarcoma 
of  the  iris  tends  to  fill  up  the  anterior  chamber.  The 

'  Fuchs,  E.,  Das  Sarcom  des  Uvealtractus. 

^  Lawford  and  Collins,  'Sarcoma  of  the  Uveal  Tract,'  Roy.  Land. 
Ophth.  Hosp.  Rep.  vol.  xiii.  p.  104. 


160        OPHTHALMIC  SURGERY  AND  MEDICINE 


intra-ocular  tension  is  increased  during  this  stage  and 
the  eye  may  pass  into  a  state  of  inflammatory  glaucoma. 
The  third  stage  is  that  in  which  the  growth  bursts 
through  the  structures  of  the  eyeball,  and  this  occurs 
either  near  the  ciliary  region,  when  the  tumour  will  be 
seen  beneath  the  conjunctiva,  or  more  frequently  the 
rupture  is  in  the  vicinity  of  the  optic  nerve  and  produces 
proptosis.  When  the  growth  extends  along  the  optic 
nerve  the  brain  and  meninges  may  be  affected.  As  soon 
as  rupture  of  the  eyeball  has  taken  place  the  pain  ceases, 
and  the  tension  becomes  minus.  The  fom'th  stage  is  that 
of  metastasis,  the  secondary  growths  being  most  frequently 
found  in  the  liver.  The  lymphatic  glands  near  the  eye  are 
very  rarely  affected. 

The  prognosis  as  to  life  is  bad  if  the  tumour  is  of  long 
standing,  but  if  excision  is  performed  during  the  first 
stage,  there  is  a  chance  of  the  disease  being  eradicated. 
In  untreated  cases  the  prognosis  will  always  be  fatal  and 
within  five  years  of  the  commencement. 

In  the  first  and  second  stages  of  a  sarcoma  the  treat- 
ment is  immediate  excision  of  the  eyeball,  care  being  taken 
that  the  optic  nerve  is  divided  as  far  back  as  possible  ;  the 
only  exception  to  the  rule  being  in  the  case  of  a  very 
small  sarcoma  of  the  iris,  when  the  growth  may  be  re- 
moved, with  the  part  of  the  iris  near  it,  by  iridectomy. 

In  the  third  stage,  the  treatment  is  excision  of  the 
eyeball  combined  with  removal  of  all  the  tissues  of  the 
orbit ;  and  two  days  after  the  operation  Vienna  paste 
(F.  47)  may  be  applied  to  the  walls  of  the  orbit. 
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CHAPTBE  XII 

DISEASES  OF  THE  EETINA 

Anatomy  and  physiolog"y. — The  retina  is  a  com- 
plex structure  lying  between  the  choroid  and  the  hyaloid 
membrane  enclosing  the  vitreous  ;  it  is  developed  in  epi- 
blast  from  both  layers  of  the  secondary  optic  vesicle. 
This  vesicle  consists  of  an  anterior  and  a  posterior  layer, 
which  extend  from  the  optic  nerve  to  the  pupillary  border 
of  the  iris.  From  the  posterior  is  developed  the  uveal 
pigment  layer  which  has  been  partly  described  as  the 
epililastic  portion  of  the  ciliary  body  and  the  iris.  The 
portion  of  this  layer  extending  from  the  ciliary  body  to 
the  optic  nerve  is  the  pigment  layer  of  the  retina,  con- 
sisting of  hexagonal  black  pigment  ceUs ;  it  adheres 
closely  to  the  choroid,  from  the  capillary  layer  of  which 
it  is  nourished.  So  close  is  this  attachment  that  in 
detachments  of  the  retina,  and  when  the  eye  is  opened 
for  dissection  purposes,  the  inner  layers  of  the  retina 
separate  from  the  pigment  layer  which  remains  with  the 
choroid. 

Prom  the  anterior  or  inner  layer  of  the  vesicle  is 
developed  the  connective  tissue  and  nervous  elements  of 
the  retina  ;  the  connective  tissue  {neuroglial)  portion  con- 
sists of  the  fibres  of  Miiller,  which  form  the  internal  and 
external  limiting  membranes.    The  nervous  elements  ' 

'  The  nervous  layers  are  from  within  outwards  :  (1)  nerve  fibres, 
continuous   with  the  optic  nerve ;  (2)   nerve  cells ;    (3)  internal 
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constituting  the  true  retina  extend  from  the  optic  nerve 
to  a  jagged  border,"  the  ora  serrata,  lying  just  behind  the 
ciliary  body. 

On  the  surface  of  the  retina  the  following  points  of 
importance  may  be  observed  :  at  the  posterior  pole  of  the 
eye  is  situated  the  yellow  spot  region,  consisting  of  an  oval 
area  with  a  central  depression,  the  fovea  centralis,  and 
4  mm.  on  the  nasal  side  of  this  spot  is  the  optic  disc,  from 
the  centre  of  which  spring  the  retinal  arteries  and  veins. 
The  nervous  or  internal  portion  of  the  retina  is  transparent 
in  health,  but  soon  after  death,  removal  of  the  eye,  or 
detachment  of  the  retina,  it  becomes  opaque  white. 

The  main  blood  supply  of  the  retina  is  from  the 
central  artery,  which  is  a  terminal  artery,  and  has  no 
anastomotic  communications  on  the  retina ;  owing  to 
this  fact,  stoppage  of  the  blood  through  it,  as  by  an  em- 
bolus, produces  complete  blindness.  A  ciHo-retinal  artery 
from  one  of  the  posterior  ciliary  may  supply  a  small 
portion  of  the  retina,  but  cannot  in  any  way  take  the 
place  of  the  central  artery  as  far  as  nutrition  is  concerned. 
The  blood  from  the  capillaries  of  the  central  artery 
returns  by  the  radicles  and  trunk  of  the  central  retinal 
vein.  The  vessels  are  situated  in  the  nerve  fibre  layer, 
and  are  surrounded  by  lymphatic  sheaths,  constituting 
the  lymphatics  of  the  retina. 

The  retina  is  the  highly  organised  membrane  forming 

molecular;  {i)  internal  miclear ;  (S)  external  molemlar ;  {6}  external 
nuclear ;  (7)  rods  and  cones.  The  connective  tissue  layers  consist  of 
the  fibres  of  Miiller,  forming  on  the  inner  side  of  the  nerve  fibre 
layer  the  internal  limiting  membrane,  and,  between  the  rods  and 
cones  and  the  external  nuclear  layer,  the  external  limiting  membrane. 

The  yellow  spot  area  differs  from  the  rest  of  the  retina 
histologically  in  an  entire  absence  of  rods  at  the  fovea,  where  cones 
are  alone  present,  and  in  Miiller's  fibres  being  arranged  obliquely 
instead  of  vertically  from  within  outwards. 

The  optic  disc,  consisting  only  of  the  fibres  of  the  optic  nerve,  has 
no  retinal  nerve  elements,  and  hence  no  power  of  sight  (bhnd  spot). 
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the  end  organ  of  the  optic  nerve,  by  means  of  which  Hght 
is  transmitted  to  the  brain.  If  the  retina  be  destroyed  or 
removed  the  sense  of  sight  is  lost.  The  most  important 
part  of  the  retina  for  vision  is  the  rod  and  cone  layer, 
and  here  the  visual  sensations  produced  by  light  falling 
on  the  retina  are  transformed  into  waves  which  are  con- 
ducted by  the  other  nerve  elements  of  the  retina  and  by 
the  optic  nerve  to  the  brain. 

The  optic  disc  area,  as  before  said,  is  blind,  and  this 
fact  must  be  remembered  in  mapping  out  a  field  of  vision, 
as  a  scotoma  will  be  found  on  the  temporal  side  of,  and  a 
httle  below,  the  fixation  point. 

The  yellow  ^pot  area  is  the  only  part  of  the  retina 
capable  of  absolutely  distinct  vision.  It  is  known  as  the 
region  of  distinct  vision,  and  objects  falling  on  other 
parts  of  the  retina  become  more  indistinct  the  farther  they 
aie  from  the  yellow  spot.  At  the  fovea  the  elements  of  the 
retina  excited  by  hght  must  be  at  least  3  /x  apart  in  order 
that  two  sensations  excited  at  the  same  time  may  be  dis- 
tinct, this  being  the  distance  between  the  centres  of  two 
cones,  and  the  fact  can  also  be  expressed  by  saying  that  two 
objects  are  not  seen  distinctly  unless  subtending  an  angle 
of  sixty  seconds  or  more. 

It  must  be  borne  in  mind  that  in  viewing  objects  the 
image  on  the  retina  is  always  inverted  hke  a  photographic 
camera.  The  upper  pa.rt  of  the  retina  is  used  for  seeing 
objects  in  the  lower  part  of  the  field  of  vision,  the  tem- 
poral portion  for  the  nasal,  and  so  on. 

In  binocular  vision  certain  portions  of  the  retina 
are  associated  {corresponding  parts).    Thus  the  upper 
portions  of  the  retina  work  together,  and  also  the  lower  , 
but  the  nasal  side  of  the  retina  in  one  eye  corresponds 
with  the  temporal  side  of  the  other,  and  vice  versa. 

Cong-enital  variations — The  retinal  vessels,  tliough 
generally  arranged  as  described  on  p.  26,  may  vary 
greatly  in  distribution  and  appearance ;  sometimes  they 

M  2 
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may  be  extremely  tortuous  and  difficult  to  diagnose  from 
those  seen  in  swelling  of  the  retina,  as  in  optic  neuritis, 
but  the  tortuous  parts  of  the  vessels  are  always  in  the 
same  plane. 

Opaque  nerve  fibres  (fig.  42).— Occasionally  the  optic 
nerve  fibres  of  the  retina  retain  their  meduUated  nerve 
sheath,  and  this  condition  is  recognised  by  the  ophthal- 
moscope as  bundles  of  brilhant  white  fibres,  feathery 
towards  the  periphery.    They  are  generally  situated  close 


/ 


Fig.  42.— Opaque  Nekve  Fibees 

to  and  radiate  from  the  optic  disc,  the  details  of  which 
in  some  cases  may  be  with  difficulty  made  out,  the  only 
part  not  afl'ected  being  the  physiological  cup.  The  retmal 
vessels  are  usually  covered  in  places  by  the  opaque  nerve 
fibres.  Vision  is  not  perceptibly  diminished,  but  the  area 
of  the  blind  spot  may  be  increased. 

Figment  —This  maybe  distributed  between  the  blood- 
vessels like  fine  dust,  and  sometimes'  black,  well-defined 
spots  may  be  seen.    In  all  these  cases  the  regularity  of 
'  Steplienson,  Trans.  OjMh.  Soc.  vol.  xi.  p.  77. 
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the  pigment  and  the  absence  of  signs  of  old  inflammation 
aid  the  diagnosis. 

Wliite  spots  and  dots  '  may  be  found  distributed  over 
the  retina  and  are,  as  a  rule,  discrete  and  well  defined. 

White  or  grey  gauze-like  patches  may  be  present  over 
the  vessels,  especially  near  the  disc. 

Vascular  cliang'es. — Hyperasmia  and  anasmia  of  the 
retina  are  often  described,  but  it  is  very  difficult  except  in 
extreme  cases  to  make  the  diagnosis,  as  slight  changes 
would  be  shown  in  the  capillaries  rather  than  in  the 
larger  vessels ;  venous  engorgement  is  more  frequently 
seen  than  dilatation  of  the  arteries. 

In  cases  of  general  anaemia,  the  fundus  may  be  very 
pale  and  the  arteries  small.  In  cholera,  the  arteries  are 
much  constricted  and  nearly  bloodless ;  this  condi- 
tion, known  as  ischamia,  is  best  seen  in  cases  where 
very  large  doses  '^of  quinine  have  been  given.  In  these 
cases  of  quinine  blindness,  extreme  constriction  of  the 
arteries  produces  extensive  contraction  of  the  field  of 
vision,  and  great  loss  of  sight,  attended  by  pallor  of 
the  optic  disc.  Complete  recovery  of  vision  sometimes 
takes  place,  but  the  arteries  remain  somewhat  contracted, 
as  does  also  the  field  of  vision. 

Pulsation  of  the  vessels. — As  before  stated,  venous 
pulsation  or  throbbing  is  very  commonly  seen,  btit  is  not 
necessarily  a  sign  of  disease.  Arterial  pulsation  travels 
like  a  wave  along  the  whole  vessel,  which  apparently 
flushes,  becomes  empty,  and  then  flushes  again.  It  is 
found  in  aortic  regurgitation,  and  also  in  glaucoma,  when 
it  is  due  to  mechanical  pressure. 

Aneurismal  dilatations  of  the  arteries  are  occasionally 
seen. 

Occlusion  of  the  central  artery,  generally  known 
as  embolism  of  the  central  artery  of  the  retina,  causes  total 


'  Gunn,  Trans.  Ophth.  Soc.  vol.  iii.  p.  110. 
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and  instantaneous  blindness  of  the  eye  unaccompanied 
by  pain.  The  suddenness  of  the  occurrence  is  often  well 
shown  by  the  patient  stating  to  a  minute  the  exact  time  of 
the  attack  ;  the  blindness  is  almost  always  permanent,  and 
the  left  eye  is  the  one  usually  affected. 

The  ophthalmoscopic  signs  are  very  characteristic. 
The  whole  fundus  is  pale  and  hazy ;  the  retinal  arteries 
are  small,  especially  near  the  disc,  containing  but  little 
blood,  which  may  appear  to  be  broken  into  small  bead- 
like columns.  The  absence  of  circulation  of  the  blood 
is  shown  from  the  fact  that  pressure  on  the  eyeball  does 
not  produce  arterial  pulsation,  as  it  does  in  the  normal 
eye.  The  retinal  veins  are  narrowed,  and  the  disc  may 
be  normal  or  pale.  Sometimes  within  a  few  hours,  at  all 
events  the  next  day,  the  retina  becomes  greyish  white, 
in  contrast  to  the  yellow  spot  region,  which  stands  out 
a  vivid  red  colour  {cherry  red  spot).  This  appearance  is 
due  to  the  choroid  shining  through  the  thinnest  part  of 
the  retina.  Small  htemorrhages  may  be  found  scattered 
about  the  fundus.  After  about  a  month  the  haziness 
clears  off  and  is  followed  by  atrophy  of  the  disc  and 
retina ;  the  arteries  appear  as  white  threads,  and  there 
are  generally  superficial  changes  at  the  yellow^  spot. 
Occasionally  blocking  of  a  single  branch  occurs,  in  which 
case  the  loss  of  vision  will  be  limited  to  the  area  supphed 
by  this  branch. 

The  symptoms  were  originally  supposed  to  be  due  to 
an  embolus,  but  a  thrombus  is  probably  the  most  coinmon 
cause.  Frequently  no  signs  of  disease  can  be  found  else- 
where to  account  for  the  plugging  of  the  artery,  but 
cases  have  occurred  in  endocarditis,  atheroma,  pregnancy, 
nephritis,  and  thrombosis  of  the  veins  of  the  leg. 

Pathology.— In  a  few  cases  a  definite  plug  has  been 
found  in  the  vessel ;  the  haze  of  the  retina  is  due  to  osdema 
of  the  nerve  fibre  layer. 

A  thrombus  may  be  diagnosed  sometimes  by  the 


DISEASES  OF  THE  RETINA 


167 


symptoms  being  less  sudden  and  complete,  and  the  history 
of  previous  attacks  of  transitory  blindness. 

Prognosis  is  bad  as  far  as  sight  is  concerned,  which 
usually  is  reduced  to  perception  of  light,  or  at  most  of 
large  objects. 

Treatment  is  generally  of  no  avail,  though  immediate 
massage  has  apparently  done  good  in  a  few  cases,  as  has 
also  nitrate  of  amyl. 

Thrombosis  of  the  central  vein  may  be  complete 
or  partial,  and  is  followed  generally  by  sudden  loss  of 
vision.  Numerous  and  large  haemorrhages  cover  the 
fundus,  and  the  retinal  veins  are  enormously  engorged 
and  tortuous  ;  the  arteries  are  very  small,  but  pulsation 
can  be  seen  in  them  on  making  pressure  on  the  eyeball. 
The  condition  generally  results  in  atrophy  of  the  retina 
and  optic  disc.  It  is  met  with  in  old  people  with 
atheromatous  arteries,  and  sometimes  follows  cellulitis  of 
the  orbit. 

Retinal  hsemorrhagres  are  a  frequent  sign  of  re- 
tinitis, but  they  often  occur  without  any  active  inflam- 
mation. 

They  differ  in  shape  according  to  position,  and  vary 
in  colour  from  bright  red  to  black.  The  deejJ  haemorrhages 
are  round,  oval,  or  irregular  in  shape,  and  generally  small, 
though  they  may  become  confluent ;  they  are  found  in 
any  of  the  layers  of  the  retina  beneath  the  nerve  fibres. 

Extensive  haemorrhages  beneath  the  retina  occur 
occasionally  after  operations  for  glaucoma  or  even  cataract, 
and  generally  destroy  the  sight ;  they  result  from  rupture 
of  a  vessel,  owing  to  the  sudden  diminution  of  intra-ocular 
tension. 

The  superficial  haemorrhages  are  in  the  nerve  fibre 
layer,  and  follow  more  or  less  the  radiating  direction  of 
these  fibres  ;  they  tend  to  become  linear  and  feathery 
towards  their  peripheral  edge,  and  are  often  described  as 
flame-shaped  (Plate  I.  h). 
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A  form  of  hiBiiiorrhage  occurring  in  the  macular  region 
is  at  first  completely  circular,  and  several  times  larger  than 
the  area  of  the  yellow  spot ;  it  is  situated  in  front  of  the 
retina,  between  it  and  the  hyaloid  membrane  {suh -hyaloid 
hcsmorrhage).  During  absorption  of  the  blood  it  frequently 
appears  as  a  semicircle  with  a  straight  border  (fig.  43). 

Haemorrhages  tend  to  absorb  slowly,  and  if  small,  no 
trace  may  be  left,  but  as  a  rule  white  spots,  or  patches, 
and  black  pigment  are  found  in  their  site. 


Fig.  43. — Sub-uyaloid  Hzhmokbhage 


Vision  is  much  interfered  with  if  the  haemorrhage  is  in 
the  yellow  spot  region,  and  when  situated  elsewhere  a 
definite  scotoma  may  result ;  in  some  cases  the  patient 
complains  of  seeing  everything  in  a  red  haze. 

They  often  follow  injuries  of  the  eye,  especially  when 
produced  by  a  blunt  instrument,  but  may  occur  idio- 
pathically  in  old  people,  anaemic  adults  (especially  females 
suffering  from  menstrual  troubles  and  the  menopause),  and 
high  myopia. 

RETINITIS,  or  inflammation  of  the  retina,  is,  as  a  rule. 
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bilateral,  acute  or  subacute,  and  not  accompanied  by 
external  signs. 

The  symptoms  cqnsist  of  diminution  of  acuteness  of 
vision,  especially  in  the  dusk  or  at  night,  giving  rise  to 
night-bhndness ;  fogginess  of  vision,  everything  being 
seen  in  a  grey  or  yellow  haze  ;  limitation  of  the  field  of 
vision  and  scotomata  ;  diminution  of  the  light  sense ; 
alteration  in  the  shape  of  objects,  straight  hnes  appearing 
bulged  or  waved  {vietamorplwpsia,  /AeTa/xop^wo-ts,  change  ; 
o,oaw,  I  see),  or  objects  appearing  smaller  than  they  really 
are  {micropsia,  fjiLKp6<s,  small;  6paw,  I  see).  There  is  often 
a  feeling  of  discomfort  in  the  eyes,  but  very  rarely  actual 
pain  or  photophobia. 

The  signs  are  chiefly  ophthalmoscopic.  In  recent  and 
acute  cases  there  is  want  of  transparency  of  the  retinal 
details,  which  are  seen  in  a  dull  smoky  haze ;  the  retinal 
vessels  dilated  and  tortu,ous  may  be  obscured  by.  exuda- 
tion and  their  visible  number  increased ;  hasmorrhages 
of  various  shapes  appear,  generally  small,  round  or 
in  patches,  and  sometimes  flame-shaped ;  discrete  or 
grouped  spots  and  patches  (plaques)  of  different  size, 
varying  in  colour  from  white  to  yellow,  may  also  be  seen. 
These  spots,  mostly  soft  and  woolly  looking,  except  in 
the  macular  region  where  they  are  dead  white,  are 
generally  found  along  and  beneath  the  retinal  vessels ; 
the  disc  is  congested  with  its  edges  indistinct,  and  patches 
of  effusion  are  found  along  the  vessels  in  its  neighbour- 
hood {jMjnllo-retiiiitis). 

In  the  late  or  degenerative  stage  there  is  atrophy 
of  the  pigment  layer  of  the  retina,  rendering  visible  the 
choroidal  vessels.  The  retinal  arteries  are  diminished 
in  size,  and  accompanied  by  white  hnes ;  the  haemor- 
rhages are  few  and  small,  having  been  replaced  by  white 
bright  patches  containing  cholesterine  or  by  black  pig- 
ment ;  the  soft  patches  have  disappeared,  leaving  some- 
times minute  sparkling  dots  or  hard-looking  opaque  white 
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patches  which  are  most  persistent  in  the  region  of  the 
yellow  spot ;  the  disc  often  shows  signs  of  old  papillitis. 

Complications. — The  choroid  is  generally  implicated, 
and  in  acute  retinitis  there  are  always  vitreous  opacities. 

Pathology. — The  white  spots  or  plaques  may  be  due 
to  varicose  swellings  of  the  nerve  cells,  exudation  cells 
derived  from  leucocytes  or  the  nuclear  layers,  fibrin 
between  the  nerve  fibres,  or  fat  globules.  The  opaque 
white  spots  are  changes  in  Miiller's  fibres,  and  the 
sparkling  dots  are  cholesterine. 

Diagnosis. — -The  white  spots  or  plaques  are  dis- 
tinguished from  patches  of  recent  choroiditis  by  their 
more  superficial  position,  and  also  from  their  softer 
appearance ;  from  old  choroiditis,  by  not  being  fringed 
with  pigment. 

The  local  treatment  is  the  same  for  all  varieties,  and 
is  mainly  directed  to  procure  rest  for  the  eyes,  especially 
from  reading  and  near  work,  and  avoidance  of  bright  Hght 
and  glare.  The  constant  use  of  tinted  glasses  should  be 
advised,  those  of  the  shade  known  as  peacock  blue  being 
the  best.  Great  care  must  be  taken  in  the  general  treat- 
ment according  to  the  diathesis  of  the  patient. 

Varieties. — Eetinitis  may  be  divided  into  certain  chni- 
cal  varieties. 

Sclerosis  of  the  retina  {Retinitis  pigmentosa, 
pigmentary  retinitis)  (Plate  II.  h)  is  the  most  chronic  form 
of  retinitis,  and  affects  both  eyes. 

The  ophthalmoscopic  signs  consist  of  a  lace  work  of 
black  retinal  pigment  near  the  equator  and  periphery, 
arranged  as  large  branched  cells  resembhng  bone  or 
corneal  corpuscles  seen  under  a  microscope  ;  owing  to 
the  absence  of  the  pigment  layer  of  the  retina  in  places, 
the  choroidal  vessels  are  plainly  visible  as  a  network  of 
light  vermilion  colour. 

The  retinal  arteries,  small  in  caHbre,  may  be  reduced 
to  mere  threads,  and  covered  in  places  by  the  new  pig- 
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ment.  The  optic  disc  is  atrophied,  pinkish  grey  in  colour, 
with  a  pecuhar  waxy  look.  The  symptoms  are  night 
blindness,  concentric  contraction  of  the  fields  of  vision, 
and  progressive  loss  of  sight,  ending  after  many  years 
in  complete  blindness.  The  central  vision  may  in  some 
cases  be  normal,  and  yet  the  patient  cannot  find  his  way 
about  in  the  streets,  owing  to  the  small  size  of  the  visual 
field.  In  some  cases  all  the  symptoms  and  signs  are 
present  wdth  scarcely  any  pigment. 

Complications. — Posterior  polar  cataract  and  disease 
of  the  vitreous  may  be  present,  and  some  of  the  patients 
are  undersized  and  defective  in  intelligence.  The  exciting 
causes  of  the  disease  are  unknown,  but  it  commences  in 
childhood  or  about  puberty ;  it  is  hereditary,  and  fre- 
quently associated  with  a  history  of  consanguinity. 

Pathologically,  there  are  signs  of  chronic  inflammation 
of  the  retina  marked  by  the  presence  of  new  pigment, 
especially  along  the  vessels.  There  is  sclerosis  of  the 
connective  tissue  with  disappearance  of  the  nerve  ele- 
ments, and  thickening  of  the  walls  of  the  blood  vessels, 
producing  great  diminution  in  their  calibre. 

The  disease  may  be  diagonised  from  syphilitic  choroido- 
retinitis  by  the  absence  of  limited  patches  of  deep 
choroidal  atrophy,  and  the  more  regular  appearance  of  the 
changes.  Treatment  is  of  no  avail,  though  the  constant 
current  is  said  to  enlarge  the  field  of  vision  for  a  time. 
Patients  almost  invariably  become  blind,  but  not  for 
some  years. 

Albuminuric  retinitis  (Plate  I.  b)  is  the  name 
given  to  a  group  of  cases  generally  affecting  both  eyes,  and 
as  a  rule  associated  with  Bright's  disease,  though  the 
same  appearances  may  be  present  in  cases  of  cerebral 
mischief  and  in  others  for  which  no  definite  cause  can  be 
found.  The  most  distinctive  signs  are  white  spots  and 
plaques  situated  in  the  deeper  layers  of  the  retina  beneath 
and  in  the  neighbourhood  of  the  blood-vessels,  especially 
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about  the  disc  and  the  yellow  spot.  At  the  yellow  spot 
they  assume  a  star-like  form,  composed  of  numerous  small 
concentric  opaque  white  spots  radiating  in;  lines;  this 
appearance  is  owing  to  the  anatomical  arrangement  of 
Muller's  fibres.  The  haemorrhages  are  generally  deep, 
small,  and  round  or  oval,  though  flame-shaped  super- 
ficial ones  may  be  present ;  the  papilla  is  often  swollen, 
and  the  retina  round  it  oedematous ;  at  the  periphery  a 
few  scattered  black  pigment  cells  may  be  seen. 

The  disturbance  of  vision  depends  to  a  great  extent  on 
the  position  of  the  deposits,  and  it  is  surprising  to  find 
how  httle  the  sight  is  affected  sometimes,  considering 
the  extensive  changes  present.  The  field  of  vision  and 
colour  vision  are,  as  a  rule,  good. 

Course. — Very  little  alteration  takes  place  in  the  signs 
except  that  fresh  spots  and  haemorrhages  continue  to 
appear  and  disappear.  The  older  spots  lose  their  soft 
look,  becoming  more  deeply  situated,  and,  owing  to  fatty 
degeneration,  denser  white.  When  the  acute  inflamma- 
tory changes  have  passed  off,  atrophy  of  the  retina  and 
sometimes  of  the  optic  disc  takes  place. 

The  complications  are  papilhtis,  vitreous  opacities,  and 
detachment  of  the  retina. 

Causation. — The  albuminuric  cases  are  mostly  met 
with  in  chronic  interstitial  nephritis,  but  also  in  chronic 
parenchymatous  nephritis  and  lardaceous  disease  of  the 
kidneys. 

Pathology.— In  those  cases  associated  with  chrome 
nephritis,  there  is  an  occlusive  arteritis  in  which  the 
intima  is  especially  affected  and  the  arterial  coats  much 
thickened ;  fatty  degeneration  is  found  in  the  nerve  fibres 
and  the  fibres  of  Miiller; 

Prognosis. — In  renal  disease  the  appearance  of  reti- 
nitis is  a  late  symptom,  and  with  regard  to  life  it  is  of 
the  gravest  import.  The  duration  of  hfe  after  its  ap- 
pearance is  generally  from  nine  months  to  two  years. 
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The  vision  may  be  little  affected  even  in  the  late  stages, 
and  if  there  is  great  loss  of  sight,  it  is  usually  due  to 
uraemic  amblyopia. 

Occasionally,  but  very  rarely,  the  retinal  signs  nearly 
disappear  with  the  exception  of  slight  - changes  at  the 
yellow  spot. 

Cfravidic  retinitis  is  a  form  of  albuminuric  retinitis 
occurring  during  pregnancy,  but  chiefly  differs  from  it  in 
the  symptoms  tending  to  clear  up  after  delivery,  and  in 
the  prognosis  being  much  more  favourable  to  life. 

Its  onset  is  sudden,  and  accompanied  by  headache 
and  flashes  of  light ;  the  signs  tend  to  increase  and  continue 
till  the  birth  of  the  child.  Vision  may  be  reduced  to  per- 
ception of  light,  and  remain  permanently  lost,  or  recovery 
may  take  place.  The  disease  usually  is  met  with  during 
the  later  months  of  pregnancy,  but  if  it  occurs  in  the  early 
stages,  the  prognosis  is  more  unfavourable.  The  signs 
are  sometimes  the  precursors  of  convulsions,  and  if  in- 
creasing rapidly  require  the  prematmre  induction  of  labour. 
It  is  Hable  to  occur  again  in  a  subsequent  pregnancy. 

Diabetic  retinitis  '  is  rare,  and  occurs  in  patients 
suffering  from  glycosuria.  The  ophthalmoscopic  signs 
closely  resemble  ■  albuminuric  retinitis,  but  may  some- 
times be  diagnosed  from  it  by  the  more  yellow  colour  of 
the  plaques  and  also  by  the  greater  number  and  size  of 
the  retinal  haemorrhages.  Cataract  and  vitreous  hsemor- 
rhages  and  opacities  are  frequently  found. 

The  lorognosis  is  not  so  rapidly  fatal  to  life  as  in 
albuminuric  cases. 

Zieuksemic  retinitis^  is  characterised  by  the  size  and 
tortuosity  of  the  retinal  vessels,  which  have  a  peculiarly 
flattened  look,  and  are  disposed  in  bold  curves.  The  colour 
of  the  fundus  is  pale  red  to  orange  yellow.  The  retina  is 
oedematous,  with  numerous  haemorrhages  and  white  or 

'  Trans.  Ophth.  Soc.  vol.  vi.  p.  331,  Plate  II. 
■■■  Ibid.  vol.  vi.  p.  84.5,  Plate  IV. 


174       OPHTHALMIC  SUKGERY  AND  MEDICINE 


yellow  spots  surrounded  by  haze  and  most  abundant  at 
the  periphery. 

Retinitis  circinata,'  first  described  by  Fuchs, 
occurs  in  old  people,  especially  of  the  female  sex,  and 
is  characterised  by  a  circular  arrangement  around  the 
disc  of  V7hite  patches  and  radiating  lines,  apparently 
situated  in  the  deeper  layers  of  the  retina.  Degenerative 
changes  are  usually  present  at  the  macula  and  retinal 
haemorrhages  occur.    Vision  is  much  reduced. 

Syphilitic  retinitis  is  generally  associated  with 
and  as  a  rule  secondary  to  choroiditis.  It  occurs  in  the 
secondary  stage,  and  is  met  with  in  both  the  acquired  and 
congenital  disease.  It  commences  as  an  cEdema  of  the 
retina,  the  details  of  the  fundus  being  seen  in  a  grey  haze. 
The  disc  looks  hyperasmic,  due  to  opacities  in  the 
vitreous,  which  are  always  to  be  found  and  generally  very 
minute  and  dust  like ;  retinal  haemorrhages  are  present 
especially  along  the  vessels,  which  may  appear  thickened 
with  white  lines  along  them;  black  pigment  patches, 
white  spots  and  plaques  may  also  be  seen.  Vision  is 
affected  to  a  variable  extent,  and  night  bhndness  and  dimi 
nution  of  light  sense  are  marked  symptoms,  as  are  also 
sensation  of  flashes  of  hght,  ringed  or  central  scotomata, 
micropsia,  and  in  the  later  stages,  contraction  of  the  field 
of  vision.  The  progress  of  the  disease  is  slow,  relapses 
being  very  common  ;  papillitis  is  often  present,  and  pig- 
mentary degeneration  of  the  retina  or  disseminated 
choroiditis  frequently  supervene. 

The  prognosis  in  the  early  stages  is  good,  if  the  con- 
stitutional treatment  is  well  carried  out  by  mercury,  and 
afterwards  by  iodide  of  potassium. 

Hgemorrhag-ic  retinitis  is  generally  monocular 
at  commencement.  The  retina  contains  numbers  of 
ha3morrhages  mostly  confined  to  the  nerve  fibre  layer,  and 

'  Trans.  Ophth.  Soc.  vol.  xiv.  Plate  III.  fig.  2,  and  vol.  xvi.  Plate 
IV.  &  Plate  V. 
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consequently  flame-shaped ;  it  may  be  oedematous  with 
a  few  white  plaques.  Papillitis  is  often  present,  and  the 
retinal  veins  are  much  distended  and  very  tortuous.  The 
signs  resemble  thrombosis  of  the  retinal  vein,  and  pro- 
bably are  often  due  to  this  affection.  It  occurs  in  gouty 
patients  in  middle  or  advanced  age,  and  is  associated 
w^ith  cardiac  valvular  disease,  aneurism,  hypertrophy  of 
the  left  ventricle,  atheroma,  menstrual  troubles,  and 
hifimorrhoids. 

■ognosis  is  unfavourable,  and  relapses   are  very 
common. 

The  treatment  consists  of  rest  for  the  eyes,  dry  cupping 
to  the  temple,  and  iodide  of  potassium  with  mercury  in- 
ternally. 

Purulent  retinitis  is  due  to  septic  emboli  in  the 
retinal  arteries ;  it  occurs  in  septicgemia  after  operations, 
and  also  in  cases  of  metritis.  There  are  at  first  small  white 
spots  about  the  optic  disc  and  the  macular  region,  and 
numerous  haemorrhages  with  oedema  of  the  retina.  These 
signs  are  soon  followed  by  suppuration  along  the  uveal 
tract,  ending  in  panophthalmitis  and  destruction  of  the 
eye. 

Functional  nig-ht  blindness.— Besides  the  night 
blindness  occurring  in  the  different  forms  of  retinitis,  there 
are  cases  in  which,  with  no  ophthalmoscopic  changes, 
this  symptom  occurs.  The  subjects  are  generally  out  of 
health  and  ill-nourished ;  on  the  Continent  epidemics  of 
the  disease  occur  during  prolonged  fasts.  It  is  met  with 
in  cases  of  scurvy  ;  exposure  to  bright  Hght  or  snow  and 
sleeping  in  the  moonlight  are  also  exciting  causes. 

The  cases  under  my  own  observation  have  been  angemic 
and  ill-fed  children  in  the  spring  and  early  summer  ;  the 
only  objective  symptom  has  been  the  presence  of  small 
dry  patches  on  the  conjunctiva  near  the  outer  or  inner 
border  of  the  cornea  covered  with  a  frothy  scum  looking 
like  small  bubbles,  and  consisting  of  epithelial  debris  with 
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colonies  of  the  bacillus  of  xerosis.  All  the  symptoms 
disappear  on  improving  the  general  health  by  tonics,  as 
cod-liver  oil  and  iron,  and  the  use  of  dark  glasses. 

Torpor  or  anaesthesia  of  the  retina  from  defective 
nutrition  is  the  cause  of  the  disease. 

Retinal  chang-es,  due  to  bright  light,  are  seen  chiefly 
at  the  macula  in  cases  of  exposure  of  the  eyes  to  the  sun, 
as  in  watching  an  eclipse,  or  to  the  electric  light. 

The  symptoms  are  diminution  of  vision,  and  an 
absolute  central  scotoma.  The  signs  at  the  yellow  spot 
are  granular  pigment  changes;  or  a  small  atrophic  patch 
with  occasionally  small  hgemorrhages.  As  a  rule,  by 
resting  the  eyes  and  wearing  dark  glasses  the  vision 
recovers,  though  the  scotoma  generally  remains. 

Detachment  of  the  retina  has  been  described  as 
a  separation  of  the  retina  from  the  choroid  by  serum, 
blood,  or  a  new  growth,  but  it  is  best  to  hmit  the  term  to 
cases  in  which  the  pigment  layer  is  separated  from  the 
rest  of  the  retina  by  serous  effusion. 

The  symptovis  consist  of  loss  of  vision  (the  extent  of 
which  depends  on  the  situation  of  the  detachment),  dis- 
tortion of  images,  a  floating  cloud  before  the  eye,  and 
muscsB  volitantes. 

The  signs. — Detachments  may  be  either  shallow  or 
steep.  The  shallow  variety  may  still  possess  the  red 
choroidal  reflex,  and  can  in  some  cases  only  be  recognised 
by  the  difference  in  the  refraction  of  a  blood  vessel  pass- 
ing over  it,  from  that  of  the  rest  of  the  retina. 

The  steep  and  most  common  form  (fig.  44)  is  usually 
situated  towards  the  periphery  of  the  retina,  and  is  said 
to  commence  most  frequently  above,  but  from  the  effect 
of  gravity  is  generally  seen  below.  It  often  requires 
complete  dilatation  of  the  pupil  and  careful  examination 
of  the  periphery  for  its  recognition,  and  is  seen  coming 
forwards  into  the  vitreous  as  a  white  or  blue-grey  eminence 
thrown  into  folds,  and  aptly  described  as  resembling 


DISEASES  OF  THE  RETINA 


177 


Alpine  scenery.  On  and  over  these  folds  run  the  retinal 
vessels,  altered  to  a  dark  red  or  even  black  colour,  and 
lost  to  view  in  places.  The  rest  of  the  fundus  maintains 
its  normal  appearance,  except  that  in  the  neighbourhood 
of  the  detachment  there  may  be  white  lines  in  the  retina, 
the  result  of  stretching.  In  many  cases  rents  in  the 
detached  retina  may  be  found. 

In  the  steep  variety  the  detachment  may  be  seen  to 
wave  about  with  quick  movements  of  the  eyeball,  and 
the  parallax  can  be  obtained  (page  25).    The  tension  of 


Fig.  44. — Detachment  of  Eetina 


the  eye  is  generally  lowered,  and  the  anterior  chamber 
deepened.  The  field  of  vision  shows  as  a  rule  a  scotoma 
or  limitation  over  the  area  corresponding  to  the  detach- 
ment. 

The  Causation  is  either  injury  or-disease.  Traumatic 
separation  generally  follows  direct  blows  on  the  eye 
without  rupture  of  the  eyeball,  but  may  follow  wounds 
of  various  kinds,  including  those  of  operation.  Myopia 
and  disease  of  the  vitreous  especially  predispose  to  this 
condition. 
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Pathology. — The  XDvobaljility  is  that  idiopathic  de- 
tachment always  takes  place  from  pathological  changes 
in  the  vitreous,  either  the  result  of  shrinking  or  the  pre- 
sence of  inflammatory  products.  The  serous  fluid  beneath 
the  detached  retina  corresponds  nearly  in  composition 
to  the  vitreous  fluid.  The  presence  in  so  many  cases 
of  ruptures  in  the  retina  suggests  that  vitreous  fluid  may 
thus  pass  beneath  the  retina. 

Between  a  serous  detachment  of  the  retina  and  a 
solid  tumour,  the  diagnosis  is  often  very  difficult,  but  the 
detachment  is  more  transparent  looking,  and  often  floats 
with  the  movements  of  the  eyeball. 

The  Prognosis  is  generally  bad,  and  in  idiopathic  cases 
the  detachment  tends  to  become  general,  as  even  after 
great  improvement  cases  generally  relapse. 

Treatment  is  very  unsatisfactory.  In  recent  cases 
it  is  most  important  that  the  patient  should  have  absolute 
rest  in  bed  with  the  head  kept  low.  The  eyes  shoxild  be 
protected  with  dark  goggles.  Subcutaneous  injections 
of  pilocarpine,  in  order  to  produce  sweating  and  salivation, 
may  be  tried.  Cauterisation  of  the  sclerotic  correspond- 
ing to  the  situation  of  the  detachment  has  been  recom- 
mended. Puncture  of  the  sclerotic  may  be  successful 
for  a  time,  but  in  all  the  cases  I  have  seen,  secondary 
detachment  has  ensued,  owing  to  cicatricial  changes  in 
the  vitreous. 

The  operation  is  performed  under  cocaine.  A  speculum 
being  introduced  between  the  Hds,  the  conjunctiva  corre- 
sponding to  the  seat  of  detachment  is  divided  with  a  pair 
of  scissors,  and  the  subconjunctival  tissue  dissected  till 
the  sclerotic  is  laid  bare.  A  double-edged  broad  needle 
is  passed  through  the  sclerotic,  the  cut  being  made  in  a 
radiating,  antero-posterior  direction.  Straw-coloured  fluid 
is  then  evacuated,  and  it  is  advisable,  in  order  to  with- 
draw as  much  as  possible,  to  separate  the  hps  of  the 
incision  with  a  curette.    The  edges  of  the  conjunctival 
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wound  are  then  stitched  together,  and  both  eyes  kept 
bandaged  for  four  or  five  days. 

TUMOURS  OP  THE  RETINA.— Glioma  '  is  a  mahgnant 
tumour,  probably  a  carcinoma,  found  in  children  mostly 
about  two  years  of  age,  and  may  sometimes  l^e  con- 
genital. It  generally  occurs  in  one  eye,  though  in  many 
cases  (20  per  cent.)  both  eyes  are  affected. 

At  first  there  are  no  symptoms,  and  this  stage  is  known 
as  the  non-irritative  period.  By  the  ophthalmoscope,  a 
small  pinkish- white  nodular,  sohd  looking  and  immovable 
swelling,  covered  by  the  retina,  is  visible  generally  near  the 
optic  disc.  The  tumour  may  be  seen  by  focal  illumination 
or  by  the  naked  eye,  and  children  are  generally  brought 
for  advice  by  their  parents  on  account  of  the  appearance  of 
this  yellowish  reflex.  The  tumour  tends  to  grow  into  the 
vitreous,  and  retinal  haemorrhages  may  be  seen  on  it.  At 
this  stage  the  intra-ocular  tension  is  raised,  giving  rise  to 
glaucomatous  symptoms  {irritative  stage).  It  next  tends 
to  grow  along  the  optic  nerve  towards  the  brain,  and  may 
burst  through  the  sclerotic  as  a  fungating  mass  {extra- 
ocular stage). 

Pathology. — The  tumour  is  very  soft,  and  consists  of 
small  round  non-pigmented  ceUs  imbedded  in  a  semi-fluid 
cellular  matrix,  many  of  the  cells  show  signs  of  degenera- 
tion. 

Ghoma  may  be  mistaken  for  pseudo-ghoma,  or  soH- 
tary  tubercle  of  the  choroid,  as  they  all  occur  in  children. 
The  normal  or  increased  intra-ocular  tension,  absence 
01  iritis  or  of  recent  severe  illness,  distinguish  it  from 
pseudo-glioma ;  from  tubercle  of  the  choroid,  the  presence 
of  tubercle  elsewhere  is  the  only  means  of  diagnosis. 

It  may  be  distinguished  from  choroidal  sarcoma  by 
its  greater  mahgnancy  and  its  tendency  to  occur  only  in 
young  children,  to  become  bilateral,  to  degenerate,  and  to 

'  Lawford  and  Collins.    Notes  on  Glioma  Retinas.    Roy.  Lond. 
Ophih.  Hosp.  Rep,  vol.  xiii.  p.  12. 
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affect  the  cranial  bones  and  glands  about  the  jaw,  rather 
than  the  liver  and  internal  organs. 

If  the  eye  be  excised  before  the  optic  nerve  becomes 
involved  the  prognosis  may  be  good,  but  if  extension  of 
the  disease  along  the  nerve  has  taken  place,  a  fatal  result 
is  imminent. 

The  treatment  consists  in  excision  of  the  eyeball, 
care  being  taken  to  cut  the  nerve  as  far  back  as  possible. 
If  both  eyes  are  affected  they  should  both  be  excised,  as 
the  patient's  life  may  be  thereby  saved. 

INJURIES. — The  most  common  traumatic  retinal 
change  is  detachment  of  the  retina  (p.  176).  Eupture  of 
the  retina  is  probably  always  associated  with  rupture  of 
the  choroid  and  cannot  with  certainty  be  distinguished 
from  it.  In  some  cases  following  a  severe  blow  on  the 
eyeball  there  is  considerable  loss  of  sight  and  contraction 
of  the  visual  field  without  any  ophthalmoscopic  change 
{commotio  retince) ;  in  other  cases  haemorrhages  and  oedema 
of  the  retina  may  be  produced. 
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CHAPTEE  XIII 

DISEASES  OF  THE  OPTIC  NERVE 

Anatomy  and  physiolog"y.— The  optic  nerves  are 
really  portions  of  the  brain,  and  consist  of  medullated 
nerve  fibres  without  neurilemma,  bound  together  by 
neuroglia.  The  fibres  are  mostly  of  small  diameter  (2  /x), 
but  a  few  are  larger  (5  /x  to  10  /a).  The  main  function 
of  the  nerve  is  to  transmit  visual  sensations  from  the 
retina  to  the  brain,  though  some  fibres,  probably  the  larger 
ones,  are  for  the  afferent  path  of  the  pupillary  reflex. 

The  visual  fibres  of  the  nerve  (fig.  45)  are  divided  in 
their  course  into  the  macular  fibres  and  those  for  the  rest 
of  the  retina.  The  macular  fibres  (mf)  for  the  supply  of 
the  yellow  spot  region  are  to  be  found  in  the  middle  of 
the  nerve  (axial  fibres),  except  in  the  intra-orbital  portion 
of  the  nerve  near  the  eyeball,  where  the  fibres  change 
their  position,  forming  a  wedge-shaped  mass  at  the  tem- 
poral side  of  the  nerve. 

The  optic  nerves  extend  from  the  optic  papillae  formed 
by  the  nerve  fibres  of  the  retina  to  the  chias'ma. 

At  the  chiasma  most  of  the  fibres  of  both  optic  nerves 
enter  the  optic  tracts,  but  at  the  posterior  border  of  the 
chiasma  a  few  pass  to  the  floor  of  the  third  ventricle; 
these  are  probably  the  optico-pupillary  fibres,  passing  to 
the  portion  of  the  nucleus  of  the  third  nerve,  situated 
in  the  aqueduct  of  Sylvius,  for  the  contraction  of  the 
pupillary  muscle.    The  fibres  of  each  tract  communicate 
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with  the  anterior  quadrigeminal  body,  the  lateral  genicu- 
late body  and  the  pulvinar,  and  are  afterwards  distributed 
to  the  occipital  lobe  (cuneus). 

Though  the  optic  is  an  afferent  nerve,  it  is  best  to 
describe  its  course  from  the  decussation  at  the  chiasma 


C.a.  C.a. 


Fig.  45.— Diagkam  showing  Coubse  of  Optic  Neeve  Fibbes 

R.  0.  L.  0.,  occipital  lobe  (cuneus)  ;  1,  anterior  corpus  guadrigeminum ;  2,  corpus 
geniculatum  lateral ;  3,  pulvinar  ;  L.  T.,  R.  T.,  optic  tract ;  Cli.,  chiasma ; 
d  f .  direct  fibres,  and  c.  f.,  crossed  fibres  of  optic  nerve ;  m.  f.,  axial  or 
macular  fibres  :  m.  yeUow  spot.  In  fields  of  vision  N.  F.,  nasal,  and  T.  F.,  tem- 
poral fields;  <lliF., "fixation  point;  B,  blind  spot  (optic  nerve  area);  C.a., 
central  area  of  field  corresponding  to  axial  fibres;  X,  lesion  of  riglit  tract 
producing  left  hemianopsia  :  Y,  lesion  of  outer  side  of  cliiasma  followed  by 
left  nasal  hemianopsia;  Z,  lesion  through  chiasma  producing  bitemporal 
hemianopsia. 

onwards  to  its  distribution  in  the  retina.  It  may  be 
divided  into  three  portions :  intra-cranial,  from  the 
chiasma  to  the  optic  foramen  in  the  sphenoid  bone; 
intra-orhital,  from  the  optic  foramen  to  the  sclerotic  ;  and 
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intra-ocular,  from  the  sclerotic  foramen  to  its  termination 
in  the  retina.  Tlie  intra-cranial  portion  has  only  a  pial 
sheath,  and  receives  fibres  at  the  chiasma  from  both  optic 
tracts  ;  the  direct  fibres  (d.  f)  from  the  tract  of  the  same 
side  supply  the  retina  to  the  temporal  side  of  the  yellow 
spot ;  and  the  crossed  fibres  (c.  f.)  from  the  opposite  tract, 
which  are  the  more  numerous,  supply  the  retina  to  the 
nasal  side  of  the  yellow  spot. 

The  intra-orhital  portion  is  enclosed  in  a  sheath 
formed  externally  by  dura  mater  and  internally  by  pia 
mater  ;  the  dural  sheath  is  very  strong,  and  is  continued  as 
the  sclerotic,  whilst  the  pial  sheath  is  much  more  delicate. 
Between  these  sheaths  is  the  intervaginal  space  (fig.  46,  i.  v.) 
or  lymph  channel,  continuous  with  the  subarachnoid  and 
subdural  spaces  ;  it  is  in  this 
space  that  bacilli  have  been 
found  in  experiments  on  sym- 
pathetic inflammation.  The 
nerve  is  much  less  rigid  than 
in  the  fixst  part,  in  order  that 
it  may  not  be  affected  by  the 
movements  of  the  eyeball. 
It  is  28  mm.  long,  and  is 
pierced  15  mm.  from  the 
scleral  foramen  by  the  central 
retinal  artery  and  vein. 

The  intra-ocular  portion 
is  the  most  important  in  oph- 
thalmology, as  its  termina- 
tion in  the  optic  papilla  can 
be  investigated  by  the  ophthal- 
moscope. The  nerve  (fig.  46) 
on  its  passage  through  the  sclerotic  foramen  becomes 
smaller  and  funnel-shaped,  and  at  the  san^e  time  the  nerve 
fibres,  losing  their  meduUated  sheath,  appear  transparent, 
and  are  divided  up  by  fine  fibres  {cribriform)  (1.  c.)  derived 


Fig.  46. — Diagram  oi'  Intra- 
ocuLAE  Portion  ov  Optic 
Nerve  and  Optic  Disc 

ph. c  ,  physiological  cup  ;  I.e.,  lamina 
cribi-osa  ;  Scl.  r.,  scleral  ring  ;  Oh.  r., 
choroidal  ring;  r.a.,  r. v.,  retinal 
artery  and  vein  ;  i.  v.,  intervaginal 
si)ace. 
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from  the  sclerotic.  The  nerve  then  passes  through  an 
opening  in  tlie  clioroid  (Ch.  r.)  {choroidal  ring),  and,  bend- 
ing over,  is  distributed  as  the  nerve  fibres  of  the  retina. 
This  sHghtly  raised  convex  mass  of  nerve  fibres  is  the 
optic  papilla  or  optic  disc.  From  near  the  centre  of  this 
disc,  and  dividing  it  into  two  portions  (nasal  and  temporal), 
emerge  the  central  retinal  vessels,  the  vein  being  usually 
on  the  nasal  side.  At  the  exit  of  the  vessels  is  a  slight 
depression  known  as  the  physiological  cup  (ph.  c).  The 
edge  of  the  disc  is  marked  by  the  scleral  or  connective 
tissue  ring  (Scl.  r),  and  the  choroidal  ring  (Ch.  r)  may  also 
be  seen  in  places  as  a  pigmented  border.  The  ophthalmo- 
scopic appearances  of  the  normal  optic  disc  are  described 
on  page  24,  and  figured  in  Plate  I.  a. 

Near  the  scleral  foramen,  the  optic  nerve  is  supplied  by 
numerous  small  branches  of  the  posterior  ciliary  arteries, 
forming  the  circle  of  Haller. 

Prom  physiological  experiments  and  pathological 
investigation,  the  following  facjS  have  been  deduced. 
Section  of  an  optic  nerve  produces  complete  bfindness  of 
the  eye  on  the  same  side,  and  also  loss  of  direct  pupillary 
light  reflex. 

Section  of  an  optic  tract  is  followed  by  complete 
blindness  of  the  corresponding  halves  of  the  visual  fields 
on  the  opposite  side  (homonymous  hemianopsia).  In 
fig.  45,  section  (X)  of  the  right  tract  would  produce  blind- 
ness in  the  right  halves  of  each  retina,  and  the  left  halves 
of  the  visual  fields  (coloured  red  in  diagram). 

In  some  cases  of  homonymous  hemianopsia  the 
pupillary  reflex  has  been  found  absent  on  throwing  light 
on  the  blind  halves  of  the  retinge.  This  result  is  very 
difficult  to  obtain,  and  points  to  the  lesion  being  anterior 
to  the  corpora  quadrigemina. 

Destruction  of  a  portion  of  a  tract  is  followed  by 
partial  hemianopsia,  the  scotomata  being  in  corresponding 
parts  of  the  fields. 


DISEASES  OF  THE  OPTIC  NERVE 


185 


Antero-posterior  vertical  section  (fig.  45,  Z)  through 
the  middle  of  the  cliiasma  divides  the  crossed  fibres  of 
both  tracts,  aud  produces  bi-temporal  hemianopsia. 

A  lesion  involving  the  outer  side  of  the  chiasma  (fig.  45, 
Y)  would  produce  nasal  hemianopsia  of  the  eye  on  that 
side.  Disease  of  the  occipital  lobe  near  the  cuneus  is 
followed  by  hemianopsia ;  this  symptom  is  a  psychical 
bhndness,  and  the  patient  does  not  complain  of  a  sensa- 
tion of  darkness  in  the  blind  portions  of  the  field. 

Cong-enital  abnormalities. — Colobovia  of  the  disc 
is  of  rare  occurrence,  and  has  been  mistaken  for  posterior 
staphyloma.  The  disc  is  excavated  below  and  its  area 
increased ;  the  condition  is  attended  sometimes  by  colo- 
boma  of  the  choroid. 

Co7igenital  crescents  situated  below  the  disc  are  pro- 
bably a  species  of  coloboma,  or  may  be  due  to  an  uneven 
distribution  of  the  lamina  cribrosa.' 

The  optic  disc  may  vary  greatly  in  colour,  sometimes 
being  red  and  congested-looking,  and  at  other  times 
as  white  as  an  atrophied  disc.  From  these  facts  it  is 
extremely  difficult  to  diagnose  hyperemia  or  anamia  of 
the  disc.  It  must  be  remembered  that  vitreous  opacities 
and  refraction  errors  may  frequently  render  the  disc 
hyperaemic-looking. 

INFLAMMATIONS  OF  THE  OPTIC  NEEVE. — The  term 
oiHic  neuritis  is  applied  to  all  inflammations  of  the 
optic  nerve.  It  is,  however,  best  to  divide  optic  neuritis 
clinically  into  two  groups :  Papillitis,  characterised  by 
visible  changes  in  the  papilla  ;  and  Betro-ocular  neuritis, 
in  which,  with  failure  of  vision,  there  are  at  first  no 
visible  signs  of  inflammation,  as  the  nerve  fibres  are 
affected  behind  the  eyeball.  These  latter  cases  have  only 
of  late  years  been  removed  from  the  ever  diminishing  list 
of  '  amblyopias.' 


'  Frost,  The  Fundus  Oculi,  p.  78. 
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Papillitis  (Plate  III.  a). — The  earliest  signs  are  con- 
gestion of  the  disc  cliaracterised  by  increased  vascularity 
and  redness,  the  edges  becoming  blurred  or  indistinct, 
and  peculiarly  striated.  This  (congestion  stage)  is  often 
difficult  to  diagnose,  as  hypermetropic  astigmatism  may 
produce  similar  appearances.  These  slight  signs  are  soon 
followed  by  more  marked  ones  (neuritis  stage),  which 
render  the  diagnosis  of  papillitis  certain.  The  disc 
becomes  striated,  swollen,  and  projecting;  no  trace  of  its 
margin  can  be  discovered,  the  situation  of  the  disc  being 
indicated  only  by  the  convergence  of  the  retinal  blood- 
vessels. The  swelling  of  the  disc  is  recognised  by  the 
bending  of  the  vessels,  by  the  parallactic  movement,  and 
by  the  necessity  of  using  convex  glasses  to  focus  the  apex 
of  the  swelling.  In  extreme  cas.es  the  swelling  may  be 
2  to  3  mm.  (6  to  9  dioptres)  in  height.  The  retinal  vessels 
are  curved  forwards,  tortuous,  interrupted  in  places,  and 
their  point  of  entrance  in  the  optic  disc  obscured ;  the 
arteries  may  be  small  or  normal  in  calibre,  the  veins  are 
distended  and  knotted.  White  plaques  and  flame-shaped 
haemorrhages  occur  along,  and  sometimes  obscure,  the 
vessels  on  or  near  the  disc.  The  neighbouring  part  of  the 
retina  is  usually  swollen,  oedematous,  with  haemorrhages 
and  white  exudation  patches  on  it. 

Symptoms.— kcmij  of  vision,  colour  vision,  and  field 
of  vision  may  be  normal  or  impaired,  and  this  depends  on 
the  coarseness  of  the  lesion.  As  a  rule  the  field  of  vision 
is  limited  peripherally,  and  colour  vision  is  defective,  even 
when  the  acuity  of  vision  is  normal.  Scotomata  m  the 
form  of  patches  or  rings  may  exist.  Photophobia  and 
pain  in  the  eye  are  rare. 

The  course  may  be  very  rapid,  or  chronic.  The 
papillitis  may  disappear  in  two  or  three  weeks.  As  a 
rule,  atrophy  (Plate  III.  h)  (post-papillitic)  results,  and  is 
shown  by  whiteness  of  the  disc,  the  margin  of  which 
becomes  irregular  and  surrounded  by  changes  in  the 


PL.  III. 


a 


PosT-PAPiLLiTic  Atrophy. 
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choroidal  ring ;  the  lamina  cribrosa  is  generally  ill-defined, 
and  the  physiological  cup  filled  up  ;  the  retinal  vessels 
become  diminished  in  size,  and  have  white  lines  along 
them. 

Causation. — Papillitis  is  as  a  rule  bilateral ;  if  uni- 
lateral, it  is  probably  due  to  orbital  disease.  It  is 
important  to  note  that  frequently  the  changes  in  one 
eye  precede  those  in  the  other,  and  in  cases  due  to  intra- 
cranial mischief,  any  operative  procedure  should  be  under- 
taken on  the  side  on  which  the  neuritis  first  appears. 

The  causes  of  papillitis  are  numerous,  and  may  be 
classified  as  follows  :  Diseases  of  the  nervous  system :  (1) 
Brain:  Tumour  (syphilitic,  tubercular,  glioma),  abscess, 
cysts,  aneurism,  meningitis  (simple,  tubercular  and 
cerebro-spinal),  hydrocephalus  and  cerebral  haemorrhage. 

(2)  Spinal  cord :   myelitis  and  disseminated  sclerosis. 

(3)  Nerves :  peripheral  neuritis.  General  diseases  : 
chlorosis,  anemia,  amenorrhoea,  syphilis,  rheumatism, 
fevers  (measles,  scarlatina,  influenza,  &c.),  albuminuria, 
and  diabetes.  Poisons,  as  lead.  It  may  also  be  produced 
by  cold. 

Local  diseases. — Octdar :  sympathetic  '  ophthalmitis  ; 
orbital :  tumour  and  inflammatory  affections  as  caries  and 
cellulitis. 

In  general,  it  may  be  stated  that  cerebral  tumour  and 
tubercular  meningitis  are  the  most  frequent  causes,  though 
m  many  cases  no  cause  whatever  can  be  discovered,  and 
there  seems  to  be  a  hereditary  predisposition  to  papillitis 
just  as  there  is  to  optic  atrophy.  Syphilis  causes  papillitis 
in  various  ways  :  (1)  as  a  tumour  in  the  brain,  or  optic 
tract ;  (2)  as  a  simple  neuritis  ending  in  atrophy  ;  (3)  as  a 
meningitis.  In  albuminuria  it  is  always  complicated  by 
retinitis.  Some  rare  cases  of  papilhtis  have  been  described, 
associated  with  a  dripping  of  clear  fluid  from  the  nose  and 
attended  by  certain  cerebral  symptoms. 

Pathology.— In  the  congestion  stage  there  is  distension 
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of  the  vessels,  with  infiltration  of  serum  and  dilatation  of 
the  intervaginal  space. 

In  the  neuritis  stage,  besides  the  great  venous  en- 
gorgement, the  optic  disc  is  swollen,  infiltrated  with  small 
lymph  cells  and  leucocytes,  and  generally  has  haemorrhages 
upon  it ;  the  thickened  nerve  fibres  are  varicose,  and  show 
signs  of  fatty  degeneration  ;  the  retina  at  the  edge  of  the 
disc  is  oedeniatous,  and  its  nerve-filire  layer  thickened-; 
the  intervaginal  space  is  always  markedly  dilated,  and 
filled  with  fluid. 

The  exact  cause  of  the  occurrence  of  papillitis  in 
cases  of  cerebral  tumour  is  still  a  matter  of  much  un- 
certainty.' The  old  idea  that  it  is  due  to  the  obstruction 
of  the  retinal  vessels  is  untenable,  as  is  also  the  theory 
that  it  may  be  caused  by  increase  in  intra-cranial  pressure 
from  the  tumour.  A  very  small  tumour  may  excite  the 
most  intense  papillitis.  It  has  been  suggested  that  the 
tumour  may  act  as  a  foreign  body,^  and  induce  refiexly 
changes  in  the  vaso-motor  nerves.^  Distension  of  the 
nerve  sheath  by  fluid  is  a  nearly  constant  accompaniment 
of  the  papilhtis,  and  this  fluid  probably  contains  sources 
of  irritation  '  either  chemical  or  bacterial.'^  There  are 
many  reasons  for  thinking  that  the  direct  cause  is  menin- 
gitis," spreading  from  the  membranes  of  the  braui  along 
the  sheath  of  the  nerve. 

Diagnosis. — It  is  often  difficult  and  sometimes  even 
impossible  to  say  by  ophthalmoscopic  appearances  whether 

'  The  student  is  advised  to  read  the  masterly  description  of 
papillitis  in  Gower's  Medical  OpMhalmoscop]],  third  edition,  1890. 

Hughlings  Jackson,  Boy.  Land.  OpUli.  Hosp.  Reports,  vol.  iv. 
p.  12. 

Benedict,  Allg.  Wien.  Med.  Zeit.,  1868,  No.  3. 
Leber,  Trans. Internat.  Med.  Congress,  London,  1881,  vol.  iii.  p.  52. 
■•  Deutschmanu,  '  Ueber  Neuritis  Optica,'  Jena,  1887,  Oplith.  Rev. 
vol.  vi.  p.  107. 

«  Edmunds  and  Lawford,  Trans.  Ophth.  Society,  iii.  p.  139,  and 
iv.  p.  172. 
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sliglit  papillitis  is  present  or  not,  and  it  is  only  after  a 
long  experience  with  the  ophthalmoscope  that  the  various 
appearances  of  the  optic  disc  in  health  and  disease  can  he 
fully  and  truly  appreciated.  Owing  to  this  fact,  records  of 
slight  neuritis  must  be  accepted  with  caution.  Hyperme- 
tropic astigmatism  gives  rise  to  a  distorted  appearance  of 
the  disc  which  might  easily  be  mistaken  for  early  papillitis. 

The  prognosis  in  most  cases  is  that  complete  or 
partial  atrophy  ensues,  but  occasionally  in  syphilitic  cases 
perfect  recovery  has  occurred.  The-  fields  of  vision 
generally  remain  contracted  or  altered,  even  when  the 
acuity  of  vision  is  normal.  Occasionally  a  second  attack 
of  papillitis  occurs  in  the  same  eye. 

The  treatment  is  mainly  constitutional  according  to 
the  diathesis  of  the  patient.  In  syphilitic  cases  mercury 
must  be  givexi  actively  and  persevered  with,  and  it  may 
be  prescribed  with  good  results  in  most  other  cases  except 
anaemia,  when  iron  is  specially  indicated.  The  eyes  should 
be  shaded  as  much  as  possible  by  tinted  glasses  or  goggles, 
and  the  patient  at  first  kept  at  rest  in  bed. 

In  cerebral  cases  trephining  the  skull  occasionally 
relieves  the  symptoms,  and  when  uniocular  the  nerve 
sheath  has  been  opened  with  good  result. 

Retro-ocular  neuritis.' — The  chief  characteristics 
are  impairment  and  even  complete  loss  of  vision  for  near 
and  far  objects  ;  at  first,  and  sometimes  during  the  whole 
attack,  absence  of  ophthalmoscopic  signs  ;  the  presence  of 
a  central  scotoma  (fig.  47) — generally  relative  and  for  red 
and  green. 

The  cases  may  be  divided  clinically  into  two  classes  : 
(1)  Acute,  as  a  i-ule  unilateral ;  and  (2)  Chronic,  nearly 
always  bilateral,  and  of  toxic  origin. 

(1)  Acute  retro-ocular  neuritis. — The  symptoms 
are  a  feeling  of  stiffness  and  discomfort  about  the  lids 

'  Nettleship,  Trans.  OpUh.  Soc.  vol.  iv.  p.  186 ;  '  Discussion  on 
Retro-ocular  Neuritis,'  Trans.  Ophth.  Soc.  vol.  xvii.  pp.  107-217. 


]90       OPHTHALMIC  SURGEBY  ANT)  MEDICINE 


and  eyes  ;  pain  on  extreme  lateral  movements  of  the  eye, 
especially  outwards  to  the  temporal  side,  due  to  stretching 
of  the  inflamed  optic  nerve ;  the  pain,  which  is  the  first 
symptom,  lasts  a  few  days. 

There  is  usually  neuralgia  on  the  same  side  of  the 
head,  and  pain  and  tenderness  on  pressing  the  eye  back- 
wards into  the  orbit.  Vision  is  impaired,  and  may  be 
absolutely  lost;  it  is  always  worse  in  bright  hght  and 
after  physical  exhaustion.  Even  when  visual  acuteness 
is  good  there  is  slowness  in  reading  the  test  types,  which 


Fig.  47.— Visual  Field  in  a  Case  of  Chronic  Eetko-oculae 
n'eubitis  (Tobacco),  showing  the  Centbal  Scotoma  foe  Eed 
AND  Geeen  Shaded,  and  a  Noemal  Field  foe  White 


occasionally  appear  to  the  patient  to  move.  There  is  an 
appearance  as  of  a  gauze  or  crape  veil  before  the  eyes,  and 
objects  such  as  straight  lines  look  broken. 

Signs. — With  the  ophthalmoscope,  nothing  abnormal 
can  be  seen  at  first,  but  sometimes  there  is  a  shght 
haziness  about  the  disc,  which  is  whiter  than  usual  at  the 
temporal  side.    The  pupil  on  the  same  side  is  generally 
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inactive  to  light,  or  tlie  action  is  not  maintained  on  con- 
tinued exposure. 

The  failure  of  vision  may  increase  for  two  or  three 
days  and  then  remain  stationary.  Cases  which  recover 
generally  take  from  four  to  six  weeks. 

Complications. — The  sixth  and  other  cranial  nerves 
may  be  involved.  Atrophy  of  the  optic  nerve  often 
follows,  the  pallor  usually  setting  in  from  two  to  four 
weeks  after  the  onset. 

Causation  may  be  orbital  periostitis  (syphilitic,  tuber- 
cular, or  traumatic),  rheumatism,  gout,  malaria,  and  ex- 
posure to  cold.  It  also  follows  injuries,  such  as  fracture 
about  the  optic-  foramen. 

The  treatment  consists  of  mercury  and  iodide  of 
potassium,  with  blisters,  and  dark  glasses. 

(2)  Chronic  retro-ocular  neuritis  [toxic  am- 
blyopia) comprises  a  group  of  cases  which  in  England 
have  been  attributed  to  tobacco,  but  similar  symptoms 
have  also  been  found  associated  with  alcohol,  bisulphide 
of  carbon,  lead,  diabetes,  and  disseminated  sclerosis.  Both 
eyes  are  affected  as  a  rule,  but  occasionally  only  one. 

The  symptoms  are  diminution  of  vision  for  far  and 
near  objects,  especially  in  bright  light,  and  patients  com- 
plain of  seeing  everything  in  a  grey  or  yellow  fog,  and  of 
want  of  ability  to  distinguish  between  gold  and  silver  coins. 

The  periphery  of  the  field  of  vision  is  normal,  but  a 
relative  central  scotoma  is  present  for  red  and  green,  and 
in  some  cases  the  scotoma  is  absolute  (see  p.  33).  The 
scotoma  is  generally  small  and  situated  within  the  10° 
circle  (fig.  47),  but  sometimes  occupies  nearly  all  the  red 
field.  The  scotoma  is  best  found  by  means  of  a  red 
square,  as  described  at  p.  36,  and  will  be  found  at  the 
fixation  point  and  slightly  to  its  outer  side,  as  this  part  of 
the  field  corresponds  to  the  area  of  distribution  of  the  axial 
fibres  of  the  optic  nerve  (fig.  45). 

Ophthalmoscopically,  no  marked  changes  are  found  in 
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most  cases  in  the  disc  or  vessels,  but  occasionally  the 
former  appears  whiter  than  normal  at  the  temporal  side, 
and  a  few  cases  have  been  described  in  which  papillitis 
and  atrophy  were  present. 

Course. — If  the  toxic  material  be  not  withheld,  the 
vision  tends  to  become  more  defective  and  the  central 
scotoma  more  marked.  In  severe  cases  vision  may  be 
reduced  to  but  rarely  less.  Improvement,  as  a  rule, 
follows  when  the  cause  is  removed,  and  vision  may  be 
completely  restored.  There  is  a  class  of  cases  in  which 
the  vision  has  been  much  deteriorated,  and  in  which 
improvement  does  not  take  place. 

Causation.— So  far  as  tobacco  is  concerned,  shag, 
cavendish,  and  strong  cigars  are  the  most  liable  to 
produce  the  disease.  It  may  follow  smoking,  chewing, 
and  snuff-taking.  Some  constitutions  are  especially  prone 
to  it,  and  I  have  known  one  case  in  which  a  non-smoker 
developed  severe  symptoms  after  using  snuff  for  a  cold 
for  only  ten  days.  There  is  little  doubt  that  inmost  cases 
the  general  health  is  undermined  before  the  toxic  effects 
appear  ;  thus  very  often  such  exciting  causes  as  mental  or 
bodily  strain,  starvation,  or  excessive  venery  are  to  be 
foimd.  I  have  never  met  with  a  case  in  which  alcohol  or 
diabetes  has  produced  the  disease  in  a  non-smoker. 

Pathologically,  there  is  a  neuritis  of  the  axial  fibres  of 

the  optic  nerve. 

The  treatment  is  primarily  to  leave  off  the  use  of 
tobacco  in  any  form,  and  to  take  as  little  alcohol  as  pos- 
sible, and  that  only  with  meals.  Strychnine  should  be 
given  either  hypodermically  or  by  the  mouth  in  increasing 
doses,  and  the  general  health  must  be  carefully  studied. 

Atrophy  of  the  optic  nerve  may  be  found  as  a 
primary  disease  {primary  atrophy),  or  secondary  to  some 
other  affection  of  the  nerve  or  retina  {secondary  atrophy). 

The  chief  symptoms  are  connected  with  impairment  of 
vision— namely,  diminution  of  vision  for  far  and  near  ob- 
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jects  ;  concentric  or  ii-regular  limitation  of  the  visual  field  ; 
central,  ring  or  multiple  scotomata  ;  colour-blindness — 
green  being  lost  first  and  then  red ;  loss  of  light  sense. 

The  signs  vary  greatly.  The  disc  is  always  altered 
in  colour,  being  dead  white  like  chalk  or  blanc-mange, 
but  it  may  be  grey  or  white  tinged  with  blue  or  green ;  in 
appearance  it  is  opaque  or  waxy-looking,  with  loss  of  the 
usual  physiological  cupping ;  in  size  it  seems  diminished  ; 
the  lamina  cribrosa  may  be  more  visible  than  in  health ; 
the  scleral  ring  is  often  very  distinct,  and  the  whole  disc 
is  slightly  cupped,  having  the  form  of  a  shallow  saucer 
(fig.  10,  B). 

The  condition  of  the  vessels  may  appear  normal,  but 
the  arteries  are  generally  reduced  in  calibre. 

It  must  be  strongly  impressed  on  the  student  that 
atrophy  cannot  be  diagnosed  from  ophthalmoscopic  signs 
alone,  as  some  discs  present  congenital  appearances  like 
atrophy,  and  in  old  age  the  papilla  often  looks  grey. 
The  tendency  in  atrophy  is  for  the  symptoms  and  signs 
to  increase,  and,  as  a  rule,  to  end  in  absolute  blindness. 

Primary  atrophy,  often  called  progressive  atrophy, 
occurs  occasionally  without  any  apparent  cause ;  it  may 
be  congenital,  and  in  some  cases  heredity  '  can  be  traced. 
The  most  common  association  is  with  locomotor  ataxy, 
but  it  may  be  found  in  general  paralysis  of  the  insane, 
disseminated  sclerosis,  acromegaly,  and  as  the  result  of 
syphilis,  alcohol,  tobacco,  and  lead. 

In  these  cases,  the  disc  is  frequently  paper-white,  with 
the  edges  sharply  defined  and  regular ;  in  the  early  stages, 
the  colour  may  be  scarcely  altered.  The  fields  of  vision 
exhibit  marked  concentric  contraction. 

Secondary  atrophy  follows  papillitis,  retro-ocular 
neuritis,  embolism  of  the  central  artery  of  the  retina, 
retinitis  especially  pigmentary  and  glaucoma. 

In  post-papillitic  atrophy  (Plate  III.  h)  the  disc  has 

'  Habershon,  'Hereditary  Optic  Atrophy,'  Trans.  Ophfh.  Soc 
viii.  p.  1!J0. 
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a  fillecl-up  appearance,  and  its  edges  are  irregular  and 
badly  defined.  The  vessels,  generally  tortuous,  have 
white  lines  along  them  near  the  disc,  may  be  obscured  in 
parts  and  curved  antero-posteriorly  from  the  effects  of  the 
swelling  of  the  disc. 

After  embolism  the  arteries  are  reduced  to  white  lines. 
In  retinitis  pigmentosa  the  disc  has  a  waxy  appearance. 

Pathology. — In  primary  atrophy  the  condition  is  due 
to  a  sclerosis  of  the  connective  tissue  of  the  optic  nerve, 
and,  as  a  rule,  originates  at  the  papilla.  In  secondary 
atrophy  the  changes  are  generally  the  result  of  pressure 
on  the  nerve  fibres  from  the  products  of  inflammation. 

The  treatment  in  cases  with  syphilitic  history  is  by 
mercury  and  iodide  of  potassium.  In  progressive  atrophy, 
hypodermic  injections  of  strychnine  or  galvanism  may 
sometimes  retard  the  progress. 

Tumours  of  the  optic  nerve  are  very  rare,  and  include 
myxoma,  glioma,  fibroma,  and  neuroma. 

The  symptoms  are  proptosis  of  the  eyeball  and  great 
defect  of  sight.  PapiUitis  or  optic  atrophy  is  generally 
present.  The  extra-ocular  muscles  not  being  involved, 
the  movements  of  the  eyeball  are  at  first  normal.  Occa- 
sionally the  tumour  can  be  felt  by  the  finger.  The  treat- 
ment is  removal  of  the  tumour,  together  with  the  eyeball. 

The  optic  nerve  may  be  implicated  and  its  functions 
interfered  with  or  even  destroyed,  by  intra-cranial  tumours 
(pituitary  body,  &c.),  aneurism  of  the  internal  carotid  or 
ophthalmic  arteries,  caries  of  the  sphenoid,  orbital  abscess, 
gumma  or  tubercular  deposit,  and  by  meningitis. 

Injuries  of  the  optic  nerve  are  generally  the 
result  of  stabs,  blows,  or  shot-wounds ;  they  may  follow 
falls  on  the  head  with  or  without  fracture  of  the  base  of 
the  skull.  The  optic  nerve  may  be  divided  or  only  injured, 
and  in  some  cases  haemorrhage  may  occur  in  the  nerve 
sheath.  As  a  rule,  the  signs  and  symptoms  are  those  of 
acute  retro-ocular  neuritis,  and  descending  atrophy  of  tlie 
optic  nerve  occurs  after  fourteen  days. 
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CHAPTEE  XIV 

AMBLYOPIA 

AMBLYOPIA  {aix(3Xv<;,  obtuse)  is  the  term  used  for  those 
cases  in  which  the  visual  acuity  remains  below  normal, 
even  when  an  error  of  refraction  has  been  corrected  by 
glasses,  though  by  the  ophthalmoscope  no  signs  can  be 
seen  to  account  for  the  loss  of  vision.  It  may  vary  greatly 
in  amount,  and  if  the  eye  is  absolutely  blind,  the  term 
amaurosis  {a^avpos,  obscure)  is  employed. 

Cong-enital  amblyopia  is,  as  a  rule,  uniocular,  but 
may  affect  both  eyes.  If  the  defect  exists  only  in  one  eye 
the  patient  generally  has,  or  has  previously  had,  a  squint 
in  that  eye.  It  is  not  at  aU  unusual  even  for  an  adult 
to  be  ignorant  of  the  loss  of  vision,  especially  if  the  left 
eye  is  the  one  affected. 

In  binocular  cases,  the  amblyopia  is  frequently  as- 
sociated with  high  degrees  of  hypermetropia,  myopia,  or 
astigmatism  ;  these  refraction  errors  have  prevented  clear 
images  from  being  focussed  on  the  retina,  and  in  this  way 
probably  have  caused  the  amblyopia.  In  these  cases, 
correction  of  the  refraction  does  not  bring  the  vision  up  to 
normal,  but  correcting  glasses  may  after  a  time  improve 
the  visual  acuity  obtained  at  first  by  their  use. 

Congenital  amblyopia  does  not  tend  to  become  worse, 
and  very  rarely  improves  in  any  appreciable  degree 
except  in  refraction  cases  after  the  use  of  suitable  glasses. 
The  fields  of  vision  and  colour  vision  are  usually  normal. 
Amblyopia  has  been  described  as  following  disuse  of  an 
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eye,  with  constant  suppression  of  the  image  formed,  chiefly 
in  cases  of  strabismus.  This  is  exceedingly  doubtful,  as 
in  cases  of  long-standing  strabismus  the  vision  sometimes 
is  normal  in  either  eye. 

Reflex  amblyopia  has  been  described  in  one  or  both 
eyes  following  irritation  of  a  nerve;  in  most  cases  the 
exciting  cause  has  been  a  tooth,  generally  a  molar,  and 
sight  has  returned  on  removal  of  the  tooth. 

XTrsemic  amblyopia  is  found  in  cases  of  nephritis,  due 
to  scarlet  fever  or  pregnancy,  and  is  frequently  associated 
wth  convulsions.  The  failure  of  vision  is  quite  sudden, 
the  patient  waking  up  blind  ;  the  pupil  is  generally  dilated 
but  reacts  to  light.  The  bhndness  lasts  two  to  three  days, 
and  the  sight  may  be  completely  regained.  A  similar 
condition  is  found  occasionally  in  diabetes. 

Hysterical  amblyopia  is  associated  with  other 
signs  of  hysteria,  especially  hemianaesthesia  and  aphonia. 
Patients  often  complain  of  photophobia  and  the  ap- 
pearance of  flashes  of  light  and  colours ;  there  may  be 
blepharospasm,  watering  of  the  eye,  spasm  or  paresis  of 
accommodation.  It  is  nearly  always  unilateral,  but 
occasionally  bilateral.  The  blindness  may  be  partial  or 
absolute. 

The  fields  of  vision  are  concentrically  contracted,  and  m 
many  cases  a  curious  condition  of  spiral  fields  (fig.  48)  may 
be  obtained  by  the  perimeter  ;  spiral  fields  are  apparently 
due  to  the  retina  being  tired  by  exposure,  and  are  obtained 
by  continuing  to  take  the  field  again  and  again  on  the 
same  chart  at  the  same  sitting  ;  each  successive  tracing  is 
smaller  than  the  preceding  one,  and  at  last  the  fixation 
point  may  be  reached.    Colour-blindness  is  sometimes 
present,  and  also  micropsia   and  uniocular  diplopia. 
The  pupillary  reflexes  are  normal,  and  there  may  be 
anaesthesia  of  the  conjunctiva  find  cornea.    It  is  usually 
found  in  young  females,  and  is  rare  in  males ;  it  may  last 
for  months. 
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Simulated  amblyopia  (malingering).— Cases  occur 
from  time  to  time  of  patients  feigning  loss  of  vision  in  order 
to  obtain  immunity  from  work  such  as  military  service,  or 
compensation  for  injury.  It  is  not  an  uncommon  occm-- 
rence  in  hysterical  and  nervous  subjects  and  in  children. 
The  usual  symptom  is  loss  of  sight  in  one  eye,  but 
sometimes  in  both.  In  some  cases  it  is  very  difficult  to 
determine  the  truth  of  the  statements,  but  one  or  more  of 
the  following  tests  generally  detects  the  imposition.  It  may 


Fig.  48. — Spuial  Visual  Field 


be  said  generally  that  a  bhnd  person,  unless  suffering 
from  ataxia,  has  a  certain  confidence  in  his  movements, 
holds  his  head  erect  and  generally  thrown  backwards. 
Methods  of  detecting  malingering  if  confined  to  one  eye  : 

1.  Hold  a  prism,  with  base  downwards,  in  front  of  the 
good  eye,  and  diplopia  will  be  produced  with  the  images 
one  above  the  other  if  the  vision  is  good  in  both  eyes. 

2.  With  the  good  eye  covered  up  tell  the  patient  to 
look  at  his  own  hand  held  in  front  of  his  face,  and,  if  really 
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blind,  he  will  look  towards  his  hand,  but  if  malingering, 
he  will  probably  look  in  another  direction. 

3.  If  with  atropine  in  the  sound  eye,  and  its  accommo- 
dation thereby  paralysed,  the  patient  with  both  eyes  open 
can  read  small  print,  the  other  eye  is — unless  the  patient 
is  very  myopic — not  '  blind.' 

4.  Test  with  glasses  of  different  strengths,  and  see  if 
the  patient's  answers  are  consistent. 

5.  Cover  vip  the  '  blind  '  eye,  and  then  cause  monocular 
diplopia  (one  image  above  the  other)  in  the  good  eye,  by 
means  of  a  prism  whose  apex  crosses  the  centre  of  the 
pupil.  Now  at  the  same  moment  uncover  the  'blind' 
eye  and  move  the  prism  so  as  to  entirely  cover  the  pupil. 
A  malingerer  will  still  see  double  images  (binocular 
diplopia). 

6.  Snellen's  method  is  to  take  a  pane  of  glass  with 
transparent  coloured  letters  on  it,  alternately  red  and  green. 
The  patient  wears  a  spectacle  frame  with  a  red  glass  m 
one  eye  (in  this  case  the  '  bhnd '  eye)  and  a  green  in  the 
other,  and  looks  at  the  illuminated  type ;  if  he  reads  all 
the  letters  he  can  see  with  both  eyes,  but  if  the  eye  is  really 
blind  he  cannot  see  the  red  letters. 

7  Place  in  a  trial  frame  a  +  14  D.  lens  in  front  of  the 
good  eye,  and  a  -  "25  0.  or  +  -25  0.  before  the  '  blind' 
eye.  A  malingerer  will  often  read  the  distant  test  types 
believing  that  there  is  the  same  strength  of  lens  in  front 
of  each  eye.  On  now  excluding  the  '  blind '  eye  he  will  be 
unable  to  read  the  distant  type. 

8.  Ask  the  patient  to  read  the  near  type,  whilst  a  pencil 
is  held  in  front  of  the  good  eye,  as  in  testing  for  binocular 
vision.  If  he  can  do  so  and  words  are  not  blocked  out,  it 
proves  that  he  has  binocular  vision,  and  is  using  his  '  blind  ' 

eye.  ^        ^  ^ 

Hemianopsia  (^/xicrvs,  half ;  am,  not ;  opacu,  i  see], 

or  loss  of  half  the  visual  field,  is,  as  a  rule,  binocular, 

and  due  to  disease  or  injury  of  the  chiasma,  optic  tract. 
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or  its  cerebral  communications.  Uniocular  hemianopsia 
is  caused  by  disease  of  the  chiasm  a  or  the  retina  (detach- 
ment, &c.).  Binocular  hemianopsia  is  generally  homony- 
mous, but  may  be  temporal  or  altitudinal. 

Temporal,  altitudinal,  and  nasal  hemianopsia  are  very 
rare  and  indicate  disease  of  the  chiasma. 

Bi-temporal  hemianopsia,  or  loss  of  both  temporal  fields, 
is  produced  by  disease  of  the  middle  of  the  chiasma  destroy- 
ing the  crossed  fibres  (fig.  45,  Z),  and  is  found  in  acromegaly. 
In  the  altitudinal  form  the  lesion  is  in  either  the  upper 
or  lower  part  of  the  chiasma,  and  the  upper  or  lower 
parts  of  the  field  are  aflected.  The  nasal  variety,  from  the 
position  of  the  lesion  (fig.  45,  Y)  producing  it  at  the  outer 
side  of  the  chiasma,  is  probably  never  binocular,  as  it  would 
be  almost  impossible  to  imaginejtwo  corresponding  limited 
lesions  occurring  at  the  same  time. 

Homonymous  hemianojjsia  may  be  either  right  or  left, 
and  also  complete  or  partial.  In  the  partial  form,  the 
defect  of  the  field  is  generally  equal  and  symmetrical  in 
both  eyes.  The  symptoms  are  sudden  defect  of  vision, 
the  patient  usually  complaining  of  difficulty  in  reading 
the  whole  of  a  line  of  print.  The  ophthalmoscope,  as  a 
rule,  reveals  nothing,  and  the  acuity  of  distant  vision  may 
be  perfect ;  on  taking  the  field  of  vision,  the  exact  loss 
of  the  field  will  be  found  out,  but  the  abrupt  line  of 
demarcation  between  the  blind  and  seeing  part  of  the  field 
rarely  extends  through  the  fixation  point.  This  is  due 
either  to  the  fact  that  the  yellow  spot  region  receives 
fibres  from  both  optic  tracts,  or  to  the  difiiculty  experienced 
by  the  patient  in  maintaining  accurate  fixation.  The 
hemianopsia  is  usually  stationary ;  sometimes  it  may  not 
be  absolute,  but  only  for  colour  (hemiachromatopsia). 

Causation. — It  may  be  due  to  hemorrhage,  cerebral 
tumour,  or  softening.  The  lesion  producing  the  symptoms 
cannot  be  at  the  chiasma,  but  is  either  in  the  tract  or  its 
cerebral  communications  ;  it  is  generally  very  difficult  to 
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localise.  If  in  the  tract  it  is  usually  complete,  and  the 
blindness  is  absolute.  There  may  also  be  Wernicke's 
hemiopic  pupillary  reaction,  in  which  light  thrown  on  the 
blind  half  of  the  retina  is  not  followed  by  contraction  of 
the  pupil,  whereas  light  thrown  on  the  unaffected  half 
produces  the  ordinary  contraction  of  the  pupil. 

The  symptoms  from  lesions  of  the  priviary  optic 
ganglia  and  optic  radiations  have  not  yet  been  sufficiently 
worked  out  to  accurately  determine  a  diagnosis. 

If  in  the  cortical  portion  of  the  occipital  lobe,  the 
hemianopsia  may  be  complete  or  partial,  and  the  blind- 
ness relative — that  is,  affecting  only  colour  and  form,  the 
patient  not  having  the  sensation  of  darkness  in  blind 
portions  of  the  field  as  in  a  lesion  of  the  tract.  As  a  rule, 
hemiplegia,  aphasia,  and  paralysis  of  cerebral  nerves  are 
not  present  in  cortical  hemianopsia. 

Certain  symptoms  have  been  found  in  connection  with 
cortical  hemianopsia,  namely:  alexia  (word  blindness), 
in  which  patients  are  able  to  see  but  not  to  understand 
vwitten  or  printed  characters  ;  dyslexia,  or  inability  to 
read  more  than  a  few  words  at  a  time  without  a  feeling 
of  disgust,  though  the  print  is  not  blurred  nor  the  reading 
painful ;  loss  of  memory  for  the  names  of  colours,  and 
yet  perfect  facihty  for  matching  them. 

Grossed  amhlyopia.—K  few  cases  have  been  observed 
with  lesion  of  the  angular  gyrus  of  one  side,  in  which 
defective  visual  acuity  on  one  side  has  been  associated 
with  concentric  contraction  of  the  fields  of  vision  on  the 
other  side. 

Coloured  vision.— Patients  occasionally  complain  of 
all  objects  appearing  one  definite  colour,  as  red,  green, 
blue,  or  wlnte.  The  most  common  form  is  eryiliropsia, 
in  which  everything  is  seen  of  a  red  colour ;  it  is  most 
frequently  met  with  after  cataract  extraction,  and  may 
last  for  a  few  hours  or  months  ;  it  does  not  affect  the 
visual  acuity.    Treatment  is  of  little  avail,  but  the  eyes 
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should  be  rested,  and  protected  from  bright  lights  by 
tinted  glasses. 

Scintillating'  scotoma '  (teichopsia)  is  a  condition 
occurring  as  a  precursor  of  migraine,  and  generally  found 
in  intellectual  persons.  It-  is  characterised  by  an  ap- 
pearance, starting  from  a  small  central  dark  spot,  of 
angular  spectral  phenomena  in  the  form  of  zigzag  lines 
(fortifications),  often  coloured  and  scintillating.  The 
field  of  vision  is  much  contracted,  and  homonymous 
hemianopsia  may  be  present.  The  attacks  last  about 
ten  minutes,  and  are  sometimes  very  frequent.  The 
cause  is  probably  central,  due  to  vaso-motor  changes  in 
the  vessels  supplying  the  occipital  lobe.  The  treatment 
is  to  improve  the  general  health,  and  to  remove  all 
causes  of  overwork  or  fatigue.  As  a  rule,  the  attacks 
indicate  no  serious  trouble,  unless  associated  with  paresis 
or  paralysis  of  limbs,  or  aphasia. 

Cong-enital  colour  amblyopia  (colour-blindness) 
is  met  with  in  males  as  frequently  as  four  per  cent., 
whereas  in  females  it  is  only  about  two  per  cent.  There 
is  often  a  history  of  heredity,  and  deaf-mutes,  Jews,  and 
Quakers  are  especially  liable  to  it.  It  is  found,  as  a  rule, 
in  otherwise  perfectly  healthy  eyes,  and  many  people 
suffering  from  it  reach  adult  life  without  finding  it  out. 
The  causation  and  pathology  of  it  are  unknown,  but 
probably  there  is  a  special  centre  in  the  cerebrum  for 
colour  perception.  It  is  very  rare  for  such  patients  to 
have  no  appreciation  of  colours  (complete  achromatopsia), 
the  rule  being  that  perception  of  one  or  two  of  the 
fundamental  colours,  red,  green,  or  blue,  is  lost  (partial 
achromatopsia). 

There  are  two  chief  theories  to  explain  the  perception 
of  colours.  The  first  or  physical  theory,  known  as  the 
Young-Helmholtz,  attributes  it  to  the  existence  of  three 

'  Gowers,  Trans.  OiJhth.  Soc.  xv.  p.  1. 
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separate  sets  of  fibres,  red,  green,  and  blue  or  violet,  and 
patients  would  therefore  be  said  to  be  red-blind,  green- 
blind,  or  violet-blind.  The  second  or  physiological  theory, 
propounded  by  Hering,  divides  the  fundamental  colour 
sensations  into  three  pairs  :  white-black,  red-green,  and 
blue-yellow.  For  full  description  of  these  theories  the 
reader  must  be  referred  to  manuals  on  physiology  and 
colour-bhndness.^  The  most  usual  form  is  that  of  red  or 
red-green  blindness,  in  which  the  patient  confuses  certain 
shades  of  red  and  green.  The  methods  of  testing  for 
colour-blindness  are  given  on  p.  36 ;  and  in  the  Appendix 
will  'be  found  a  colour-vision  plate  with  description. 
Treatment  is  of  no  avail. 

'  Foster,  Text-book  of  PMjsiology,  part  iv.  p.  1222.  Abney, 
Colour-vision,  1895. 
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CHAPTEE  XV 

DISEASES  OF  THE  LENS 

Anatomy. — The  lens  is  a  colourless  transparent  body, 
bi-convex  in  shape,  with  a  refractive  index  of  11  dioptres, 
and  more  convex  posteriorly  than  in  front.  It  is 
avascular  except  in  foetal  life,  when  it  is  nourished  by 
,  the  hyaloid  artery,  a  branch  of  the  central  artery  of  the 
retina  running  in  the  hyaloid  canal.  After  foetal  life, 
the  nutrition  of  the  lens  is  by  imbibition  of  fluid  from 
the  ciliary  processes.  It  is  developed  from  epiblast,  and 
is  composed  of  long  prismatic  fibres,  fitting  by  serrated 
edges  into  one  another,  and  kept  together  by  cement 
substance.  These  fibres  are  arranged  in  concentric 
lamellffi,  like  the  layers  of  an  onion,  and  the  majority  of 
them  have  a  nucleus.  Owing  to  the  arrangement  of  the 
fibres  there  is  a  tendency  for  the  lens  to  break  into  sectors, 
and  these  sectors  may  be  seen  at  times  with  their  divisions 
arranged  anteriorly  like  an  inverted  Y,  and  posteriorly  as 
the  same  letter  in  its  normal  or  erect  position.  Lining 
the  whole  anterior  surface  of  the  lens  is  a  layer  of  cubical 
epithelium,  which  does  not  extend  normally  to  the 
posterior  surface. 

A  homogeneous  capsule  encloses,  and  by  its  support 
aids  the  well-marked  elasticity  of  the  normal  lens 
The  encapsuled  lens  is  retained  in  position  by  the  sus- 
j)ensory  ligament,  consisting  of  fibres  which  pass  from 
the  elevations  of  the  ciliary  processes  to  the  capsule,  and 
are  attached  behind  to  the  retina  near  the  or  a  serrata ; 
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this  ligament  does  not  in  any  way  obstruct  the  filtration 
of  the  fluids.  Around  the  border  of  the  capsule  is  a  small 
triangular  space  filled  with  fluid,  called  the  canal  of  Petit. 
The  space  existing  between  the  posterior  surface  of  the 
iris  and  the  suspensory  ligament  is  known  as  the  circum- 
lental  sijace. 

The  foetal  lens  is  smaller  than  that  of  the  adult,  and 
more  globular  in  form.  Up  to  the  twenty-fifth  year  new 
lens  fibres  are  laid  down  at  the  equator,  and  this  leads  to 
a  continual  increase  in  the  transverse  diameter.  This 
increase  is  to  a  certain  extent  counteracted  by  a  peculiar 
process  of  sclerosis,  which  affects  the  fibres  of  the  lens 
from  childhood  to  old  age.  In  children  and  young  adults  ^ 
the  lens  fibres  are  of  the  same  consistency  throughout,  and 
no  nucleus  is  present.  As  age  advances  other  changes 
take  place ;  the  texture  becomes  firmer,  the  colour 
yellowish,  the  refractive  power  and  elasticity  diminished, 
the  size  increased,  and  the  more  central  portion  becomes 
hard  and  sclerosed,  forming  the  nucleus. 

In  elderly  people,  the  lenses,  in  which  these  alterations 
appear,  present  to  the  naked  eye  a  greyish  appearance, 
'  which  is  apt  to  be  mistaken  for  cataract,  but  examination 
by  transmitted  hght  at  once  dispels  the  error.  The  lens 
contains  a  great  excess  of  globulin,  and  no  albumen. 

The  function  of  the  lens  is  to  assist  in  collecting  rays 
of  light  so  as  to  focus  them  on  the  retina,  and  for  this 
reason  it  is  elastic  and  compressible  when  in  its  capsule. 

Cong-enital  abnormalities. — These  include  cata- 
ract, coloboma,  lenticonus,  and  dislocation. 

Congenital  cataract  and  dislocation  are  described  later 

on. 

Coloboma  lentis  is  a  defect  in  the  lens,  in  which  a 
portion  of  the  edge  may  be  either  straight,  or  more 
commonly  notched.    It  is  always  situated  below,  never 

1  Priestley  Smith,  'On  the  Growth  of  the  Crystalline  Lens,' 
Trans.  OiMh.  Soc.  vol.  iii.  p  79. 
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extending  as  far  as  the  centre  or  poles  of  the  lens,  and 
is  usually  associated  with  coloboma  of  other  ocular  struc- 
tures. 

Lenticonus  is  a  very  rare  condition,  in  which  the  lens 
presents  a  conical  projection  at  its  anterior  or  posterior 
pole. 

Cataract  is  the  name  applied  to  opacities  situated  in 
the  lens  and  is  more  especially  a  disease  of  advanced  life. 

The  symptoms  are  best  seen  in  the  senile  form,  and 
consist  first  of  gradual  diminution  of  the  visual  acuity, 
especially  for  near  objects,  as  reading.  If  the  lenticular 
changes  are  central,  the  patients  see  best  in  a  dim 
light,  which  causes  dilatation  of  the  pupil ;  peripheral 
opacities  may  give  rise  to  no  diminution  of  acuteness  of 
vision,  so  long  as  they  do  not  reach  the  pupillary 
margin.  Black  or  grey  specks  and  lines  are  often  seen 
by  the  patient  and  are  due  to  shadows  of  the  opacities 
thrown  on  the  retina  ;  they  differ  from  vitreous  opacities 
in  being  more  fixed  and  in  not  appearing  to  float  about 
independently  of  the  ocular  movements.  Bright  objects, 
as  lamps,  are  seen  as  in  a  mist  and  surrounded  by  a 
yellowish  halo.  Monocular  diplopia  or  polyopia,  produced 
by  the  irregular  refraction  of  the  lens,  may  be  complained 
of,  and  myopia  may  be  developed  in  patients  not  previously 
short-sighted.  As  the  cataract  progresses  the  distant 
vision  generally  fails  more  quickly  than  the  near,  till  both 
are  reduced  to  vision  of  large  objects,  and  sometimes 
to  perception  of  hght  only.  Unless  the  case  be 
comphcated  by  disease  of  other  ocular  structures,  as  the 
retina  or  optic  nerve,  there  should,  even  in  the  densest 
cataract,  be  good  perception  and  projection  of  light. 

Signs. — Cataract  is  very  rarely  accompanied  by 
inflammatory  signs,  and  often  the  early  stages  cannot  be 
diagnosed  by  the  naked  eye.  When  more  mature  the 
pupillary  area  looks  grey  or  white,  and  this  appearance 
may  be  mistaken  for  lymph,  though  in  this  latter  case  signs 


206       OriTTHALMIC  SURaERY  AND  MEDTCINK" 


of  iritis  are  always  present.  Wlien  a  cataract  is  suspecterl, 
the  lens  should  he  exainined,  first  by  focal  illumination, 
when  an  opacity  will  appear  as  grey  or  dead  white  on 
a  black  ground,  and  then  by  direct  ophthalmoscopic 
methods,  which  will  cause  the  opacities  to  appear  black 
on  a  red  ground.  As  incipient  cortical  cataract  may 
be  easily  overlooked,  the  pupil  should  be  dilated  by  a 
mydriatic. 

Cataracts  are  divided  chnically  according  to  their 
consistency  into  soft  and  hard.  All  cataracts  in  patients 
under  thirty-five  years  of  age  are  soft,  and  as  a  rule  may 
be  distinguished  by  having  broad  radiating  strias  of  a 
bluish-grey  colour  and  metalhc  lustre,  or  an  appearance 
like  spermaceti.  Above  thirty-five  years  of  age  cataracts 
are  hard,  the  strise  narrow,  and  the  colour  more  or  less 
yellow,  and  in  some  cases  deeply  coloured  (black  cata- 
racts).' When  the  cortex  has  lost  all  transparency,  and 
no  striae  or  patches  are  present,  the  cataract  is  probably 
over-mature  and  hquid  (Morgagnian). 

Ckss*/icaii07i.— Cataracts  are  termed  primary  when 
independent  of  any  other  ocular  affection,  and  secondary 
when  consequent  on  some  other  ocular  disease,  as  iritis, 
uveitis,  glaucoma,  &c.,  or  when  resulting  from  the  remains 
of  the  capsule  or  lens  substance  after  an  operation  for 
removal  of  the  lens  (best  named  after-cataract).  Cataracts 
at  first  are  incomplete  or  partial  and  may  remain  so  or 
tend  to  become  complete  ;  the  most  satisfactory  division  is 
into  Progressive  and  Stationary.  Progressive  cataracts  are 
those  in  which  the  opacity  tends,  graduaUy  or  quickly,  to 
spread,  and  as  a  rule  ultimately  to  involve  the  whole  lens  ; 
they  may  be  subdivided  into  senile,  traumatic  and  congen- 
ital Stationary  cataracts  are  so  called  when  the  opacity 
is  permanently  hmited  to  one  portion  of  the  lens,  and 
comprise  lamellar,  anterior  polar  and  posterior  polar. 
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Peimaky  Cataeacts 

PROGEESSIVE  CATARACTS. — The  senile  is  the  most 
common  form,  and  is  found  as  a  rule  in  patients  over 
fifty,  though  occasionally  as  young  as  thirty-five  or  forty. 
A  class  of  cases,  hardly  deserving  a  sepai'ate  description, 
is  found  in  young  adults,  presenting  the  same  symptoms 
as  senile  cataract,  but  the  cataractous  lenses  are  of  course 
soft. 

Senile  cataracts  may  begin  either  in  the  cortex  or  in 
the  nucleus  of  the  lens,  and  occasionally  at  both  places 
simultaneously.  When  beginning  {incijnent  stage)  in  the 
cortex,  they  generally  assume  the  form  of  streaks  or  radii 
(fig.  49),  sometimes  of  triangular  form,  running  towards  the 
centre  of  the  lens  in  the  same  manner  as  the  spokes  of  a 
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Fig.  49.-C0KTICAL  Cataract  Fig.  50.— Nuclear  Cataract 


wheel  converge  towards  its  axle.  These  streaks  appear 
white  or  grey  (fig.  49,  a)  by  obhque  illumination,  and  black 
(fig.  49,  b)  when  examined  by  the  ophthalmoscope. 

Instead  of  streaks  the  opacities  may  consist  of  numerous 
dots,  and  in  cases  showing  signs  of  foetal  iritis  there  may 
be  milk-white  spots. 

Occasionally  flaws  may  be  seen  in  the  lens,  as  lines  or 
round  dots  like  small  bubbles  ;  these  are  generally  the 
precursors  of  ordinary  strige.  Cortical  opacities  may 
increase  very  slowly  and  remain  almost  stationary  if  there 
are  very  few ;  this  is  especially  so  in  myopes,  in  which 
the  cataract  may  never  pass  beyond  the  incipient  stage. 

When  beginning  in  the  nucleus  the  incipient  stage  is 
not  at  first  well  marked,  the  only  sign  being  a  deeply  placed 
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greyish  haze  (fig.  50,  a)  in  the  centre  of  the  lens,  which  is 
followed  by  an  amber-coloured  opacity.  If  examined  by 
the  direct  ophthalmoscopic  method  the  area  of  opacity  is 
central  (fig.  50,  b),  and  prevents  a  clear  view  of  the  fundus 
being  obtained  through  it,  though  the  details  may  be  well 
seen  through  the  clear  periphery  of  the  lens. 

The  maturing  stage.  In  a  cortical  cataract  the  striae 
tend  to  run  together  and  coalesce,  and  the  nuclear  layers 
generally  become  involved.  In  a  nuclear  cataract  (fig.  50) 
the  opacity  increases  gradually  in  size,  and  the  cortex 
becomes  involved.  In  all  cases  the  last  part  of  the  lens 
to  become  cataractous  is  the  extreme  peripheral  portion. 
During  the  maturing  stage  the  lens  tends  to  swell,  and  the 
anterior  chamber  thereby  to  become  shallow. 

The  mature  stage  is  reached  when  the  whole  lens  be- 
comes opaque,  and  by  focal  illumination  there  is  no  shadow 
thrown  by  the  iris  on  the  lens.  The  lens  now  shrinks 
a  little,  and  the  anterior  chamber  becomes  normal  again. 
In  this  stage  nuclear  cataracts  are  distinguished  by  their 
amber  or  yellowish  colour,  though  occasionally  they  may  be 
dark  brown  or  black  with  metallic  lustre,  due  to  a  colour- 
ing material  like  melanin  or  hgematin  (black  cataract). 
Cortical  cataracts  are  white  or  grey ;  if  they  form  quickly 
in  early  adult  life  they  are  not  so  homogeneous-looking, 
and  frequently  have  a  pecuhar  sheen  like  mother  of  pearl 
or  spermaceti. 

Complete  senile  cataracts,  after  they  have  long 
existed,  pass  into  the  over-mature  stage,  when  the  cortex 
tends  to  become  soft  and  hquid,  and  the  sclerosed  nucleus 
sinks  to  the  bottom  of  the  capsule  in  this  milky  fluid 
{Morgagnian  cataract) .  Should  the  fluid  become  absorbed 
the  anterior  and  posterior  layers  of  the  lens  capsule  come 
into  contact  {membranous  cataract),  and  in  this  case  the 
iris  is  tremulous. 

Causation. — Senile  cataract  is  essentially  due  to  de- 
generation of  the  lens  fibres,  but  the  actual  cause  is  un- 
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known.  Subjects  of  this  disease  are  generally  grey-haired, 
wrinkled,  and  prematurely  old.  It  is  associated  with 
arterial  degeneration,  gout,  albuminuria  and  diabetes. 

Pathology. — Several  observers  have  found  that  the 
opacities  are  the  result  of  rapid  shrinking  and  hardening 
of  the  nucleus,  accompanied  by  the  presence  of  fluid 
between  the  cortical  lens  layers.  This  fluid  causes  a 
disintegration  and  opacity  of  the  lens  fibres,  but  the 
nucleus  usually  remains  transparent. 

Diagnosis— There  ought  never  to  be  any  doubt  after 
careful  examination  by  the  ophthalmoscope,  except  in 
cases  where  there  is  extensive  disease  of  other  ocular  strue- 
tures,  such  as  the  cornea  and  iris,  or  where  the  fundus 
cannot  be  illuminated,  as  in  complete  detachment  of  the 
retina. 

The  prognosis  in  a  case  of  senile  cataract  is  that  it 
will  in  time  become  complete,  but  the  length  of  time 
occupied  in  maturing  is  absolutely  uncertain.    It  is  the 
rule  that  nuclear  cataracts  mature  more  quickly  than 
cortical.    There  are  many  cases,  especially  among  myopes 
in  which  a  few  cortical  striae  appear,  and  remain  for  years 
without  perceptibly  increasing.    In  such  cases  a  very 
guarded  prognosis  must  be  given,  and  often  a  patient  is 
unnecessarily  alarmed  by  being  told  that  he  is  the  subject 
of  cataract;  some  such  term  as  lenticular  or  cortical 
opacity  would  be  sufficient  explanation  of  his  trouble. 
The  loose  employment  of  a  popular  term  such  as  cataract 
has  often  a  hopeless  and  unwarrantably  depressing  effect 
on  the  lay  mind. 

Treatment.— -The  only  method  of  relieving  a  patient  of 
cataract  is  removal  of  the  lens  by  operation  ;  no  medicinal 
treatment,  constitutional  or  local,  possesses  any  curative 
power. 

In  the  incipient  and  maturing  stages,  patients  should 
be  told  to  rest  the  eyes  as  much  as  possible,  and  to  avoid 
sitting  before  a  hot  fire,  as  people  exposed  to  extreme 
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heat,  such  as  stokers,  are  liable  to  cataract.  In  patients 
suffering  from  diabetes,  albuminuria,  &c.,  careful  dieting 
and  treatment  ought  to  be  carried  out,  as  the  maturing  of 
a  cataract  is  hastened  by  failure  of  general  health.  When 
myopia  supervenes,  suitable  glasses  should  be  prescribed. 
In  nuclear  cataract  the  sight  may  be  improved  by  dilating 
the  pupil  by  means  of  weak  atropine  drops  (|  grain  to  the 
oz.),  which  enables  the  patient  to  see  through  the  periphery 
of  the  lens.  It  is  important  that  a  patient  suffering  from 
cataract  should  be  seen  from  time  to  time,  as  occasion- 
ally whilst  he  is  waiting  for  it  to  become  mature,  some 
other  ocular  disease,  as  glaucoma,  may  independently 
develop. 

The  operative  treatment  is  by  extraction  of  the  lens, 
with  or  without  iridectomy,  as  described  on  page  226. 

Traumatic  cataract  follows  as  a  rule  perforatmg 
wounds  of  the  lens  capsule,  but  a  form  {concussion 
cataract)  results  from  non-perforating  blows  on  the  eye, 
probably  in  consequence  of  rupture  of  the  capsule. 

Course.— Within  a  few  hours  after  a  perforating  wound, 
the  lens-,  by  imbibition  of  the  aqueous,  becomes  opaque 
at  the  seat  of  injiiry,  and  tends  to  swell.  Soft  whitish 
flakes  of  lens  substance  protrude  through  the  rent  in  the 
capsule  and  fall  into  the  anterior  chamber.  The  tendency 
is  for  the  softened  lens  substance  to  become  absorbed,  and 
in  yoimg  patients  spontaneous  cure  of  the  cataract  may 
thus  result.  As  a  rule,  however,  part  of  the  lens  remams 
permanently  opaque  inside  the  capsule.  In  patients  over 
forty  the  course  is  not  so  rapid,  and,  owing  to  the  hardness 
of  the  lens,  spontaneous  cure  never  results. 

In  a  concussion  cataract  the  lens  generally  remams 
permanently  opaque,  and  if  left  long  enough  may  undergo 
some  of  the  secondary  changes  described  under  the  senile 
variety. 

Complications.— FiiihQX  from  the  introduction  of  germs 
at   the  time   of  the  injury,  or  from  swelhug  of  the 
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lens  afterwards,  iritis,  iridocyclitis,  panophthalmitis,  or 
secondary  glaucoma  may  arise. 

Treatment.  —  When  following  a  perforating  wound  the 
pupil  must  be  dilated  by  atropine  to  prevent  posterior 
synechite  and  iritis. 

If  the  intra-ocular  tension  is  much  increased  the  lens 
substance  should  be  evacuated  by  a  corneal  incision  with- 
out or  with  iridectomy. 

Cong-enital  cataract  is  rarely  met  with,  if  we 
exclude  the  lamellar  variety.  It  is  a  bilateral  form,  and 
resembles  senile  cataract  in  appearance,  being  either 
yellowish  or  whitish -grey,  and  is  generally  associated 
with  defects  of  the  retina  or  choroid.  If  untreated, 
nystagmus  often  develops.  It  is  difficult  to  say  whether 
infants  with  congenital  cataract  have  the  power  of  vision, 
but  if  perception  of  light  exists  an  infant  will  follow  with  his 
eyes  a  candle  moved  in  front  of  his  face.  The  treatment 
is  to  break  up  the  lens  by  discission,  but  occasionally  the 
capsule  is  too  hard,  and  then  the  lens  must  be  extracted, 
an  operation  frequently  attended  with  bad  results. 

STATIONABY  CATAEACTS.  —  l.amellar  {zonular) 
cataract  (fig.  51),  affecting  as  a  rule  both  eyes,  is  either 
congenital  or  forms  in  early  life,  and  is  the  most  common 
variety  of  cataract  found  in 
children.  It  consists  of  a 
disc-like  opacity  with  clear 
lens  substance  on  its  inner 
and  outer  surface.  a  c  b 

The  symptoms  are  only  ■   Fm.  51.-LAMELLAit  Catahact 
those  of  defective  vision, 

and  vary  greatly  in  amount  according  to  the  size  and  posi- 
tion of  the  opacity.  The  first  signs  observed  are  dulness 
and  alteration  of  the  normal  black  appearance  of  the  pupil. 
With  a  dilated,  pupil  a  hazy  disc  or  shell  is  seen  in  the  lens 
surrounded  by  a  clear  peripheral  zone.  Tliis  disc  (fig.  61,  a) 
may  be  seen  to  lie  between  the  central  portion  and  the 
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cortical  layers  of  the  lens,  and  consists  of  greyish  dots 
and  stria3 ;  some  of  these  lines  project  into  the  clear  zone 
like  the  spokes  of  a  wheel,  and  sometimes  take  the  shape 
of  the  sectors  of  the  lens.  By  direct  ophthalmoscopic 
examination  (fig.  51,  b)  the  cataract  appears  as  a  dark  grey 
disc,  thinner  generally  in  the  middle,  and  surrounded  by 
a  ring  of  clear  red  reflex ;  the  details  of  the  fundus,  though 
indistinct,  can  be  seen  through  the  opacity,  thus  dis- 
tinguishing it  from  a  nuclear  cataract. 

Causation.— li  is  frequently  hereditary,  and  as  a  rule 
associated  with  a  deficiency  of  the  enamel  producing  a 
striated  and  roughened  appearance  of  the  teeth ;  there  is 
generally  a  history  of  convulsions  during  infancy  and 
signs  of  rickets,  especially  cranio-tabes. 

Pathologically,'^  no  changes  of  importance  are  found 
in  the  cortical  layers,  but  the  Hne  of  demarcation  between 
the  cortical  and  central  portions  is  abrupt,  and  formed  by 
granular  degeneration  of  the  fibres. 

The  disease  is  as  a  rule  stationary,  but  may  occasionally 
progress. 

Treatment. — Sometimes  sight  is  very  little  affected,  and 
an  operation  will  not  improve  it.  In  all  cases  the  vision 
for  distant  objects  should  be  taken  with  and  without  a 
mydriatic,  as  atropine,  and  if  the  distant  vision  improves 
greatly  under  atropine  an  iridectomy  should  be  performed 
downwards  and  inwards.  If  the  vision  is  very  defective 
and  cannot  be  improved,  the  lens  should  be  broken  up  or 
extracted.  The  advantage  of  iridectomy  over  removal 
of  the  lens  is  that  the  patient  does  not  require  high  convex 
lenses  and  often  retains  his  power  of  binocular  vision.^ 

Anterior  polar  (pyramidal)  cataract  (tig.  52), 
generally  chalk-white  in  colour,  of  small  size  and  with 
sharply  defined  edges,  is  situated  at  the  anterior  pole  of  the 
lens  beneath  the  capsule.    It  is  frequently  accompanied 
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Fig.  52. — Anterior  Polar  Cataract 


by  a  central  corneal  nebula,  and  tlien  results  from  a 
perforating  ulcer  of  the  cornea.    In  other  cases,  it  is 
probably  produced  by  inflammatory  changes  during  foetal 
Life,  as  owing  to  the  ab- 
sence   of    the  anterior 
chamber,  the  globular  lens 
is  in  contact  with  the  pos- 
terior surface  of  the  cor- 
nea, and  any  swelling  of 
the  cornea  or  lens  would 

tend  to  interfere  with  the  nutrition  of  the  anterior  pole. 
This  condition  does  not  call  for  treatment. 
SECONDARY  CATAEACTS. — The  progressive  form 

is  a  sequela  of  some  inflammation  or  degenerative 
process  of  the  eye.  It  is  found  especially  in  cases  of 
atrophy  and  degeneration  of  the  ciliary  region,  as  in 
cychtis,  uveitis,  glaucoma,  and  detachment  of  the  retina. 
These  cataracts  tend  soon  to  degenerate,  and  may  become 
calcareous. 

The  treatment  in  such  cases  is  by  extraction  or 
discission,  unless  the  condition  of  the  eye  renders  it  im- 
practicable. Owing  to  their  origin  such  cases  are  very 
unsatisfactory  to  treat. 

The  term  secondary  cataract  is  sometimes  apphed  to 
the  capsule,  lymph,  and  soft  lens  matter  left  in  the 
pupillary  area  after  _  an 
operation  for  removal  of 
cataract,  but  such  cases 
are  bast  designated  after- 
cataracts. 

Posterior  polar 
cataract  (fig.  53)  is  the 

stationary  form  of  secondary  cataract.  It  is  greyish  in 
colour  (fig.  53,  a)  and  situated  in  the  layers  of  the  lens, 
near  the  posterior  pole,  from  which  it  radiates  like  the 
spokes  of  a  wheel.    It  is  not  so  localised  nor  so  sharply 


A  C        ■  B 

Fig.  53. — Posterior  Polar  Cataract 
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defined  as  the  anterior  polar,  and  is  associated  either  with 
disease  of  the  vitreous,  choroiditis,  or  retinitis  pigmentosa. 
Vision  is  as  a  rule  impaired,  but  more  by  the  complica- 
tions than  by  the  opacity. 

This  form  does  not  admit  of  treatment. 

THE  OPERATIVE  TREATMENT  OF  CATARACT. 
Artificial  pupil.  —  In  lamellar,  and  occasionally 
nuclear  cataract,  when  the  opacity  is  about  the  same  size 
as  the  normal  pupil,  and  is  stationary,  the  vision  is  often 
much  improved  when  the  pupil  is  dilated,  as  in  a  dim 
light  or  under  a  mydriatic.  In  such  cases  a  small  iridec- 
tomy (p.  117)  downwards  and  inwards  corresponding  to 
the  line  of  vision  is  to  be  preferred  to  extraction  of  the 
cataract. 

This  procedure  possesses  this  great  advantage  to  the 
patient  that  glasses  need  not  be  worn,  unless  a  previous 
error  of  refraction  or  accommodation  be  present,  and  also 
the  operation  assists  a  subsequent  extraction  if  such  should 
be  required.' 

Cataracts,  which  are  necessarily  soft  when  occurring 
in  patients  under  twenty-five  years  of  age,  may  be  removed 
by. discission,  linear  extraction,  or  by  a  combination  of 
both  methods. 

Discission  is  the  laceration  of  the  anterior  capsule 
of  the  lens  with  a  needle,  in  order  that  the  aqueous  fluid 
may  gain  access  to  the  lens  substance,  and  so  procure 
its  absorption.  As  a  rule  the  operation  has  to  be  repeated 
several  times  before  the  lens  substance  is  completely 
removed,  and  this  necessarily  occupies  a  considerable 
period  of  time,  varying  from  two  to  six  months. 

It  is  indicated  in  cases  of  lamellar,  congenital,  and 
some  forms  of  traumatic  cataract,  and  lately  it  has  been 
employed  for  the  removal  of  the  lens  in  cases  of  high 
myopia.  Atropine  should  be  dropped  into  the  eye  the 
night  before  and  the  morning  of  the  operation,  so  that  the 
pupil  should  be  well  dilated. 
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Anesthetics.— In  very  young- children  it  may  be  neces- 
saiy  to  use  chloroform,  but  cocaine  is  almost  always 
employed. 

The  instruments  required  are  speculum  (fig.  23),  fixa- 
tion forceps  (fig.  19),  cataract  needle  (fig.  54)  (this  last 
should  be  very  sharp,  slightly  tapering  towards  the  end, 
and  rounded  in  section,  so  as  to  prevent  escape  of  aqueous). 
The  operation  may  often  be  performed  with  a  needle  only ; 


Fig.  54.- Cataract  Fig.  55.— Discission  Opeeation 

Needle 

in  such  cases  the  lids  are  held  open,  and  the  eyeball  fixed 
by  the  fingers  of  the  operator's  left  hand. 

Operatio7i  (fig.  55). — The  eye  having  been  well  washed 
with  an  antiseptic  solution,  and  the  speculum  introduced, 
the  operator  stands  behind  the  head  of  the  patient,  and 
fixes  the  conjunctiva  below  the  corneal  margin  with  the 
fixation  forceps.  Holding  the  needle  in  his  right  hand  he 
passes  the  point  of  it  firmly,  gently,  and  slowly  through 
the  cornea  about  1  mm.  anterior  to  its  periphery  and 
preferably  above  and  to  the  outer  side.    The  needle  is 
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now  directed  downwards  and  inwards  into  the  anterior 
chamber  until  its  point  is  seen  opposite  the  middle  of  the 
pupil.  Then,  using  the  handle  as  a  lever,  the  operator 
depresses  the  point  and  tears  the  anterior  capsule  near 
the  centre. 

Care  must  be  taken,  if  it  is  the  first  operation,  that  a 
very  small  opening  is  made  in  the  capsule,  but  if  it  is  the 
second  or  third  operation,  the  needle  may  be  used  much 
more  freely  and  the  lens  substance  stirred  up  and  torn. 

The  needle  is  now  slowly  withdrawn,  and  this  is 
followed  by  a  spurt  of  the  aqueous  through  the  wound. 

The  conjunctival  sac  is  washed  out,  atropine  instilled, 
and  the  eye  bandaged  up. 

It  is  occasionally  necessary,  owing  to  the  thickness  of 
the  capsule,  to  use  two  needles,  introduced  at  opposite 
sides  of  the  cornea,  so  that  the  capsule  may  be  torn  apart 
by  their  points. 

Course. — At  first  no  effect  may  be  seen,  but  in  a  few 
hours  the  capsule  and  anterior  lens  substance  become 
grey  and  white  at  the  point  of  incision.  In  a  free  dis- 
cission flakes  of  lens  substance  pass  into  the  anterior 
chamber  and  mostly  occupy  its  lower  part ;  the  aqueous 
fluid  becomes  turbid  and  there  is  slight  ciliary  congestion, 
and  lachrymation.  The  whole  lens  gradually  swells  up 
from  imbibition  of  fluid  and  becomes  softened. 

Sometimes  in  young  children  one  discission  suffices, 
but  as  a  rule  two  or  three  operations  are  necessary. 

The  importance  of  making  the  first  operation  a  very 
slight  one  is  that  the  reaction  cannot  be  gauged  before- 
hand, and  varies  with  the  individual.  Sometimes  the 
slightest  incision  of  the  capsule  is  followed  by  the  whole 
lens  coming  forward  into  the  anterior  chamber,  while  at 
other  times  little  or  no  result  is  obtained.  As  the  object 
of  the  operation  is  to  gradually  soften  and  remove  the 
lens  substance  by  absorption,  anything  approaching 
heroic  needling  is  to  be  condemned. 
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Discission  is  always  followed  by  slight  ciliary  con- 
gestion and  a  tendency  to  increased  tension ;  this  latter 
symptom  must  be  very  carefully  watched  for.  After  the 
lens  substance  has  been  absorbed,  the  pupil  is  generally 
more  or  less  blocked  by  opaque  capsule,  which  must  be 
needled  or  divided  by  a  Graefe's  knife. 

Accidents  and  complications. — The  most  likely  accident 
to  occur  during  the  operation  is  that  the  needle  may 
puncture  or  tear  the  iris  ;  this,  except  for  slight  hgemor- 
rhage  at  the  time,  is  not  serious.  Occasionally  the  posterior 
capsule  may  be  lacerated  by  the  needle  bemg  passed  in 
too  far,  and  to  avoid  this  risk,  stop  needles  provided  with 
a  shoulder  may  be  used. 

The  complications  are  chiefly  due  to  the  irritation  of 
the  swollen  lens  substance,  which  may  give  rise  to  iritis, 
cyclitis,  or  glaucoma,  and  septic  infection  may  be  set  up 
if  the  needle  is  not  absolutely  clean. 

The  patient  should  remain  in  bed  with  the  eye 
bandaged  for  at  least  twenty-four  hours  after  the  opera- 
tion, and  the  pupil  must  be  kept  well  dilated  by  atropine. 
It  is  a  good  plan  to  apply  cold  compresses  to  the  eye 
for  forty-eight  hours  after  the  operation,  so  as  to  keep 
down  any  inflammatory  reaction.  When  the  bandages 
are  left  off  the  eye  should  be  protected  by  a  shade  or 
by  a  pair  of  tinted  glasses.  Pain  may  be  reheved  by 
leeches,  and  any  glaucomatous  symptoms  should  be 
treated  by  paracentesis  of  the  anterior  chamber,  or  by 
linear  extraction. 

Xiinear  extraction  is  the  removal  of  a  soft  lens 
through  a  small  incision  in  the  cornea.  It  is  more  fre- 
quently employed  after  discission  operations  than  for  the 
removal  of  a  cataract  at  one  sitting.  The  instruments 
required  are  speculum  (fig.  23),  fixation  forceps  (fig.  19), 
keratome  (tig.  33),  curette  (tig.  25),  and  tortoise-shell 
spoon  (tig.  61).  The  operation  is  generally  performed 
under  cocaine. 
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Operation. — The  speculum  being  introduced  and  the 
conjunctival  sac  washed  out,  the  operator  fixes  the  eye 
at  the  outer  side  with  the  forceps,  and  passes  the  keratome 
through  the  cornea,  about  1  mm.  from  the  periphery,  into 
the  anterior  chamber.  The  corneal  incision,  as  the  name 
{linear)  of  the  operation  implies,  is  a  straight  one,  4  to 
5  mm.  long,  and  is  generally  situated  below  and  to  the 
inner  side.  In  cases  where  discission  has  not  previously 
been  performed,  the  anterior  capsule  is  now  divided  by  a 
cystotome  (fig.  58).  The  operator  then  passes  the  curette 
through  the  wound  and  allows  the  soft  matter  to  escape 
along  its  groove.  By  careful  manipulation  of  the  curette, 
and  counter  pressure  at  the  periphery  of  the  cornea  by 
the  spoon,  nearly  all  the  soft  matter  may  be  evacuated. 
When  no  more  soft  matter  can  be  extracted  the  operator 
clears  any  debris  away  from  the  edges  of  the  wound  with 
the  curette,  and  after  making  sure  that  the  iris  is  free, 
bandages  up  the  eye. 

Prolapse  of  the  iris  through  the  wound  may  occur, 
and  should  be  carefully  replaced  by  the  curette.  If  after 
the  operation  is  concluded  there  is  any  doubt  as  to  the 
iris  being  caught  in  the  wound,  an  iridectomy  should  be 
performed. 

Unless  carefully  manipulated,  the  curette  may  per- 
forate the  posterior  capsule,  and  allow  the  vitreous  to 
escape,  or  it  may  bruise  the  iris,  setting  up  iritis. 

The  after  treatment  is  the  same  as  for  discission,  but 
the  patient  is  generally  kept  in  bed  and  the  eye  bandaged 
for  a  longer  time.  Care  must  be  taken  not  to  use  atropine 
too  freely  at  first,  as  there  is  always  a  tendency  to  prolapse 
of  iris. 

Suction  operation.— Some  operators  use  a  syringe  to 
remove  the  soft  matter  after  discission,  instead 'of  a 
curette,  but  this  method  is  seldom  employed  now. 

The  steps  of  operation  are  the  same  as  those  of  linear 
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extraction,  but  the  incision  through  the  cornea  should  be 

situated  about  3  mm.  away  from  the  periphery,  and  should 

be  only  large  enough  to  admit  the  nozzle  of  the  syringe. 
The  syringe  (fig.  56)  being  introduced  through  the 

corneal  wound,  and  its  end  kept  carefully  in  the  anterior 

chamber,  gentle  suction  is  employed, 

and  the  soft  lens  matter  passes  into 

the  syringe.  Great  care  must  be  taken 

not  to  employ  undue  force,  or  the 

posterior  capsule  may  be  ruptured. 

The   advantage  of  this   method  is 

simply  in  saving  time,  and  it  must  be 

remembered  that  it  is  more  difficult 

to  perform,  and  hence  less  safe,  than 

an  ordinary  linear  extraction.  The 

syringes  usually  employed  are  known 

as  Bowman's  and  Teale's,  and  must 

be  very  carefully  rendered  aseptic 

before  the  operation. 

The  only  objection  to  the  discis- 
sion operation  for  soft  cataracts  is  the 
length  of  time  the  lens  takes  to  absorb, 
and  undoubtedly  the  best  treatment 
in  most  cases  is  by  the  combination 
of  discission  and  linear  extraction. 
My  own  practice  is  to  make  a  first 
slight  central  needling,  and  if  little 
reaction  takes  place  to  make  a  free 
needling  two  days  afterwards.  This 
is  often  followed  by  a  third  needling  in  about  a  fortnight, 
and  if  necessary  about  two  months  after  the  first  needling 
most  of  the  lens  matter  is  let  out  by  a  hnear  extraction. 

It  is  best  now  to  wait  for  a  month  or  six  weeks  before 
again  operating,  either  by  linear  extraction,  if  much  soft 
matter  is  left,  or  generally  by  a  needling  operation  for 
opaque  capsule. 


I  m 


Fig.  56.— Cataeact 
Syeinge 
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If  botli  lenses  are  cataractous,  the  other  lens  may  be 
operated  on  (unless  the  reaction  in  the  first  eye  be  very 
severe),  during  the  course  of  treatment  of  the  first  eye, 
preferably  after  the  second  needling. 

Senile  cataracts,  or  even  in  some  cases  soft  cataracts, 
may  be  removed  in  their  entirety  at  one  sitting.  The 
usual  term  for  such  an  operation  is '  extraction,'  but  it 
must  be  remembered  that  this  word  is  applicable  to  any 
operation  in  which  lens  substance  is  removed  from  the 
eye,  as  by  linear  extraction,  &c. 

As  extraction  of  a  senile  cataract  is  the  most  import- 
ant operation  in  ophthalmic  surgery,  the  precautions 
and  rules  to  be  observed  before,  during,  and  after  ope- 
rating are  fully  described  here.  Many  of  these  apply 
equally  to  the  other  cataract  operations. 

Bules  for  operating.^k  cataract  should,  if  possible, 
never  be  extracted  until  it  is  mature.  This  condition  is 
attained  when  the  lens  is  uniformly  opaque,  and  the 
shadow  thrown  by  the  edge  of  the  iris  on  the  lens  is 
absent.  (This  examination  should  always  be  made  with 
a  dilated  pupil.)  If  immature,  a  cataract  does  not  shell 
cleanly  out  of  the  capsule,  and  the  cortex,  being  tenacious 
and  viscid,  is  with  difficulty  removed ;  also  the  presence 
of  much  soft  matter  in  the  eye  after  extraction  gives  rise 
to  severe  inflammation. 

In  ordinary  cases,  it  is  the  custom  to  operate  when 
the  cataract  in  one  eye  is  complete,  and  the  other  ad- 
vanced so  far  as  to  render  vision  very  imperfect.  To  this 
rule  there  are  many  exceptions,  and  each  case  must  be 
decided  on  its  own  merits. 

Surgeons  should  be  very  careful,  when  giving  the 
usual  advice  that  patients  must  wait  till  the  sight  of  one 
eye  is  nearly  gone  and  that  of  the  other  much  impaired, 
to  insist  on 'the  necessity  of  examination  of  the  eye  from 
time  to  time.  In  some  cases  chronic  glaucoma  or  other 
ocular  disease  supervenes,  and  the  patient  may  become 


DISEASES  OF  THE  LENS 


221 


quite  blind  and  beyond  treatment  whilst  waiting  for  the 
cataract  to  ripen. 

The  lens  may  be  extracted  in  a  case  of  mature  cataract, 
although  the  vision  of  the  other  eye  is  only  slightly 
affected,  or  is  even  normal,  under  the  following  circum- 
stances : — (1)  When  the  patient  follows  an  occupation,  as 
bricklaying,  which  needs  good  perception  of  objects  on 
both  sides.    (2)  If  the  impairment  of  vision  of  both  eyes 
for  some  time  would  cause  him  to  lose  his  situation,  the 
operation  would  ensure  him  an  eye  ready  for  work,  with 
suitable  glasses,  when  the  vision  of  the  other  eye  becomes 
insufficient.     (3)  If  the  patient  is  going  to  a  foreign 
country  for  some  time,  where  he  could  not  obtain  good 
advice  or  treatment.    (4)  If  the  cataract  has  existed  for 
some  years,  and  is  likely  to  become  over-mature,  and 
therefore  more  dangerous  to  extract.    (5)  If  the  presence 
of  cataract  occasions  great  anxiety  to  the  patient,  and 
consequent  loss  of  sleep  and  general  constitutional  dis- 
turbance.   In  the  young  especially,  a  cataractous  lens 
may  be  extracted  for  cosmetic  reasons,  as  the  grey  or 
white  appearance  of  the  lens  is  very  disfiguring,  and  may 
prove  a  detriment  in  finding  employment. 

Unless  under  exceptional  circumstances  a  double  ex- 
traction (removal  of  both  lenses)  should  never  be  performed 
at  one  sitting. 

When  both  lenses  are  cataractous,  and  tend  to  mature 
nearly  at  the  same  time,  an  operation  for  maturation  of 
one  cataract  may  be  performed. 

Occasionally  there  is  a  small  nuclear  cataract  in  both 
eyes,  and  double  iridectomy  downwards  and  inwards  may 
greatly  improve  the  vision  for  a  time. 

Frecautions  to  be  observed  before  operating.— k  careful 
and  methodical  examination  of  all  parts  of  the  eye,  in- 
cluding its  appendages,  should  be  carried  out.  Any 
inflammation  of  the  lachrymal  sac,  hds,  or  conjunctiva 
must   be   treated,  and,  if   possible,  cured,  before  any 
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operation  is  undertaken,  owing  to  the  danger  in  such 
case  of  introducing  germs  into  the  eye  at  the  time  of 
operation.  Corneal  opacities  do  not,  as  a  rule,  contra- 
indicate  operative  measures.  In  all  cases  of  incipient 
cataract  the  fundus  is  to  be  carefully  examined  for  future 
reference. 

When  the  cataract  is  complete,  there  still  remain 
sources  from  which  the  state  of  the  deeper  parts  of  the 
eye — namely,  the  vitreous,  retina,  and  choroid — can  to  a 
certain  extent  be  determined.  Thus  it  must  not  be 
forgotten  that  the  condition  of  the  corresponding  part  in 
the  opposite  eye  may  afford  some  indication,  as  vitreous 
opacities,  choroidal  and  retinal  changes  are  not  in- 
frequently symmetrical.  The  tension  of  the  eye  must 
always  be  estimated.  The  condition  of  the  retina  in  a 
complete  cataractous  eye  should  be  examined  by  the 
'projection'  method.  This  consists  in  throwing  the  light 
reflected  from  an  ophthalmoscopic  mirror  through  the 
opaque  lens  and  coat  of  the  eyeball  upon  the  inner,  upper, 
outer,  and  lower  portions  of  tlie  retina  If  the  light  so 
thrown  can  be  seen  well  and  equally  distinct  all  over  the 
retina,  and  the  patient  states  accurately  the  direction 
whence  the  light  comes,  it  may  be  presumed  that  the 
fundus  is  healthy.  In  uncomplicated  cataract,  even  when 
quite  opaque,  there  should  be  good  perception  and  pro- 
jection of  light  even  at  a  distance,  and  frequently  in  mature 
cataract  fingers  can  be  counted. 

A  complete  cataract  in  a  patient  under  forty  years  of 
age  is  to  be  looked  upon  with  suspicion. 

Notwithstanding  all  these  precautions,  there  are  cases 
of  central  choroidal  changes  which  cannot  be  diagnosed 
by  projection,  and  which  prevent  a  good  result,  as  far  as 
vision  is  concerned,  after  operation.  It  is  these  cases  es- 
pecially that  must  make  the  surgeon  guardedin  the  prognosis 
as  to  vision,  unless  the  fundus  can  be  examined  thoroughly. 
The  general  health  should  be  .investigated,  and  any 
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cause  likely  to  produce  straining,  such  as  cough  or  consti- 
pation, carefully  attended  to.  The  presence  of  diabetes 
and  albuminuria  are  unfavourable  to  operation,  though 
many  patients  suffering  from  these  diseases  do  well. 

As  the  operation  of  extraction  is  not  one  of  urgency, 
the  following  immediate  precautions  should  be  observed  : — 
The  bowels  ^  should  be  attended  to  the  night  before  the 
operation  ;  the  patient  should  be  used  to  his  surroundings, 
especially  his  bed,  for  at  least  twenty-four  hours  pre- 
viously; no  great  exertion,  such  as  a  long  railway  journey, 
should  be  taken  the  day  before  ;  the  coldest  and  hottest 
times  of  the  year  should  be  avoided ;  the  hygienic  con- 
ditions, especially  the  drainage  of  the  house,  ought  to  be 
perfect ;  the  operation  should,  if  possible,  be  done  early 
in  the  morning,  so  that  the  patient  may  have  time  to 
recover  from  the  effects  before  his  usual  hour  for  sleep. 

The  pupil  should  not  be  widely  dilated  with  atropine, 
especially  if  cocaine  is  to  be  used,  as  the  large  size  of  the 
pupil  makes  it  difficult  to  do  a  small  iridectomy,  and  also, 
if  no  iridectomy  is  done,  the  danger  of  prolapse  is  greater 
with  a  large  pupil. 

Prognosis. — If  the  cataract  be  mature,  the  other  ocular 
structures  normal,  and  the  patient's  general  health  good, 
a  favourable  result  is  to  be  anticipated.  The  history  of 
previous  ocular  disease,  as  glaucoma,  iritis,  or  the  presence 
of  diminished  tension,  demands  a  very  guarded  prognosis, 
which  must  also  be  given  in  cases  of  diabetes,  albuminuria, 
and  a  complete  cataract  in  a  patient  under  forty  years  of 
age.  Corneal  trouble,  unless  complicated  with  disease 
of  deeper  structures,  only  affects  the  prognosis  as  to  the 
amount  of  vision  afterwards. 

Ojjerations. — ^Since  the  introduction  by  Daviel  (in 
1750)  of  extraction  by  a  flap  occupying  the  lower  two- 
thirds  of  the  cornea,  numerous  modifications  and  improve- 
ments in  the  operation  have  been  adopted  by  ophthalmic 
surgeons.    These  have  been  chiefly  in  the  position  of  the 
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incision  and  the  employment  or  non-employment  of 
iridectomy.  Gibson  in  1811  introduced  the  linear  incision 
instead  of  the  flap  for  soft  cataract,  and  Von  Graefe 
in  1865  originated  the  modified  linear  operation  combined 
with  an  iridectomy. 

The  modified  linear  operation  was  practised  almost 
exclusively  for  some  years.  The  incision  was  made  by  a 
Graefe's  knife  (fig.  57),  the  puncture  and  counter-puncture 
lying  beyond  the  sclero-corneal  junction,  and  the  knife 
made  to  cut  its  way  out  in  the  sclera.  The  section  was, 
therefore,  scleral  rather  than  corneal.  A  large  iridectomy 
was  then  performed  and  the  lens  extracted.  The  objec- 
tions to  this  method  are  that  the  conjunctival  section 
often  gives  rise  to  considerable  hgemorrhage ;  the  edges 
of  the  iris  are  liable  to  be  caught  in  the  wound ;  from  the 
scleral  position  of  the  section  vitreous  is  frequently  lost ; 
the  lens  does  not  present  itself  readily,  and  there  is  a 
slight  risk  of  sympathetic  inflammation. 

Of  late  years  most  operators  have  reverted  to  the 
corneal  flap,  which,  however,  is  of  much  smaller  size  than 
it  was  originally,  and  is  generally  known  as  the  three- 
millimetre  corneal  flap  operation,  and  may  be  performed 
with  or  without  iridectomy. 

The  question  of  iridectomy  or  non-iridectomy  in 
cataract  extraction  has  been  more  discussed  than  any 
other  point  in  the  operation.  There  is  no  doubt  that  a 
successful  extraction  without  an  iridectomy  is  by  far  the 
more  desirable  operation.  The  coloboma  of  an  iridectomy 
disfigures  the  appearance  of  the  eye,  proclaims  the  existence 
of  disease  to  the  outside  world,  and,  as  a  rule,  reduces  the 
acuity  of  vision,  owing  to  the  increased  size  of  the  pupil 
and  the  dazzling  effect  this  produces  ;  whereas,  the  central 
non-mutilated  pupil  does  not  afi'ect  the  personal  appearance 
and  acts  as  a  perfect  diaphragm.  The  points  generally 
advanced  in  favour  of  iridectomy  are  that  the  lens  can 
be  more  easily  delivered,  especially  if  there  be  much  soft 


DISEASES  OF  THE  LENS 


225 


matter,  and  that  there  is  Httle  danger  of  prolapse  of  iris. 
This  prolapse  of  iris  is  the  great  objection  to  the  extraction 
without  iridectomy,  but  the  situation  of  the  section  in  the 
corneal  tissue,  and  the  replacement  of  general  anaesthetics 
by  cocaine,  have  rendered  the  accident  much  less  frequent. 
In  all  cases  of  complete  cataract,  where  the  patient  is  not 
suffering  from  cough,  or  any  disease  which  necessitates 
straining,  I  operate  without  an  iridectomy,  but  in  cases  of 
incomplete  or  over-matm-e  cataract,  I  prefer  an  iridectomy, 
owing  to  the  difficulty  of  removing  the  soft  lens  substance 
without  bruising  the  iris.  One  great  point  in  favour  of 
operating  without  iridectomy  is  that  it  may  be  performed 
without  any  haemorrhage ;  an  iridectomy  must  always  be 
done  if  there  are  numerous  posterior  synechias  or  if  the 
tension  is  raised. 

Many  operators  prefer  a  preliminary  iridectomy  some 
months  before  the  lens  is  extracted,  and  hence  make  two 
separate  and  distinct  operations,  the  first  being  the  per- 
formance of  a  small  iridectomy  (p.  117),  and  the  second 
the  extraction  operation,  being  practically  the  same  as 
the  operation  without  iridectomy  (p.  230).  There  is  little 
doubt  that  this  plan  is  the  safest,  but  it  takes  longer,  and 
involves  extra  worry  and  trouble  to  the  patient.  It  should 
always  be  employed  if  the  patient  has  only  one  eye,  or 
if  the  cataract  is  not  fully  matured. 

Maturation  of  cataract.— In  certain  cases  where  it  is 
necessary  to  hasten  the  course  of  a  cataract  an  operation 
may  be  performed  for  this  purpose.  This  is  done  by 
tapping  the  anterior  chamber  with  a  small  keratome,  and 
when  it  is  empty  rubbing  the  surface  of  the  cornea  firmly 
with  a  tortoiseshell  spoon  (fig.  61),  and  in  this  way  pro- 
ducing pressure  on  the  lens. 

Some  operators  bruise  the  anterior  capsule  of  the 
lens  directly  by  introducing  a  spatula  through  the  corneal 
section ;  others  perform  an  iridectomy  at  the  same  time. 
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The  3-l*Iillimetre  Corneal  Flap  Operation 

Anesthetics. — The  operation  is  performed  as  a  rule 
under  cocaine,  and  for  this  purpose  one  or  two  drops 
of  a  4  per  cent,  solution  of  cocaine  should  be  placed  in 
the  eye  three  times,  at  intervals  of  five  minutes,  starting 
ten  minutes  before  the  operation.    When  an  iridectomy  is 
to  be  done,  another  application  should  be  made  after  the 
corneal  section.    The  disadvantages  of  cocaine  are  slight, 
being   chiefly  due  to  flaccidity  of   the  cornea,  which 
renders  the  corneal  section  and  extraction  of  the  lens 
more  difficult ;  cocaine  solutions  keep  badly,  and  unless 
they  be  freshly  made,  septic  inflammation  may  be  set  up. 
If  from  nervousness  of  the  patient  a  general  anassthetic 
must  be  tised,  chloroform  is  to  be  preferred  to  ether,  as 
the  latter  tends  to  produce  congestion  of  the  eye.  The 
grave  objection  to  general  anaesthetics  is  their  tendency 
to   induce   vomiting,   which  may   occasion  subretinal 
hsemorrhage  or  prolapse  of  the  iris  or  vitreous. 

Position  of  the  patient. — He  should  be  lying  on  his 
back  on  a  table,  with  his  head  supported  on  a  pillow. 
The  light  should  be  good  and  should  proceed  from  the 
same  side  as  the  eye  to  be  operated  on. 

Preparation  of  instruments. — All  instruments  except 
knives  are  to  be  boiled  in  distilled  water  immediately 
before  the  operation,  and  then  placed  in  boracic  acid 
solution  or  distilled  water ;  the  knives  should  be  dipped 
in  boiling  water  first,  then  in  absolute  alcohol,  and  placed 
in  distilled  water  till  used. 

Position  of  the  operator.— II  operating  on  the  right 
eye,  he  should  stand  behind  the  head  of  the  patient, 
holding  the  knife  in  his  right  hand,  and  if  he  is  ambi- 
dextrous he  takes  the  same  position,  using  his  left  hand 
for  the  knife  when  operating  on  the  left  eye.  If  the 
operator  cannot  so  use  his  left  hand,  he  must  come  round 
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in  front  and  to  the  left  of  the  patient,  and  hold  his  knife 
in  the  right  hand. 

Assistants. — The  operator  should  have  at  least  one 
assistant  to  hand  him  the  instruments,  and,  if  necessary, 
to  steady  the  eye  by  means  of  the  fixation  forceps.  Both 
operator  and  assistants  should  scrub  their  hands  and 
nails  with  soap. 

The  3-millimetre  flap  operation  with  iri- 
dectomy. {Bight  e^/e.)— The  instruments  required  are 
speculum    (fig.  23), 


fixation   forceps  (fig. 

19),   knife  (Graefe's) 

(fig.  57),  iris  forceps 

(fig.   34),  iridectomy 

scissors  (fig.  35),cysto- 

tome  (fig.  58),  curette 

(fig.  25),  and  spatula. 

Corneal  section. — 
The  operator,  having 
introduced  the  wire 
speculum,  fixes  the 
conjunctiva  about  2 
mm.  below  the  cornea 
with  the  fixation  for- 
ceps held  in  the  left 
hand  as  shown  in  fig. 
59,  and  by  this  means 
keeps  the  eye  steady. 
Taking  the  knife  lightly 
between  the  thumb  and 
first  two  fingers  of  the  right  hand,  he  passes  it  through  the 
outer  part  of  the  cornea  at  a  point  situated  just  within  its 
margin  and  at  a  distance  of  3  millimetres  from  the  highest 
point  of  the  cornea.  He  then  directs  the  knife  across 
the  anterior  chamber  in  front  of  the  iris  to  a  point  within 
the  periphery  of  the  cornea,  on  the  nasal  side,  exactly 


Fig.  57.— Geaefe's 
Knife. 


Fig. 


58. — Ctsto- 

TOME. 
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corresponding  to  the  original  puncture.  By  this  means 
the  knife,  on  making  the  counter-puncture,  should  lie  in 
a  horizontal  line  with  its  cutting  edge  upwards.  By  a 
slow  to  and  fro  movement  the  knife  is  now  made  to  cut 

its  way  out  in  an  upward 
direction  through  the  peri- 
phery of  the  cornea.  Care 
must  be  taken  that  the 
section  is  throughout  in 
the  cornea  and  that  the 
knife  is  always  kept  parallel 
to  and  in  front  of  the  iris. 
The  corneal  section,  as 
shown  by  the  dotted  lines 
in  fig.  59,  is  in  the  shape 
of  a  flap  with  its  convexity 
upwards. 

Fig.  59.— Coeneal  Section  Iridectomy  stage. — The 

patient,  if  under  cocaine, 
is  now  instructed  to  direct  his  gaze  at  his  own  hand,  held 
shghtly  raised ;  if  he  cannot  be  relied  upon  to  keep  still, 
the  eye  is  steadied  by  fixation  forceps  entrusted  to  an 
assistant  to  hold,  as  is  always  done  in  patients  under  a 
general  anaesthetic. 

The  operator  now  introduces  the  iridectomy  forceps, 
held  in  his  left  hand  (see  fig.  37),  with  their  points  closed, 
through  the  middle  of  the  wound,  and  passes  them  into  the 
anterior  chamber  until  the  points  reach  the  upper  pupillary 
border  of  the  iris.    He  then  gently  relaxes  his  pressm-e 
on  the  handles  of  the  forceps,  and  seizing  firmly  the 
piipiUary  border  of  the  iris,  he  slowly  draws  the  portion 
of  iris  held  by  the  teeth  of  the  forceps  through  the  middle 
of  the  wound.     With  the  iridectomy  scissors  held  in 
the  right  hand,  he  now  proceeds  to  cut  off  the  withdrawn 
portion  of  the  iris  lying  between  the  forceps  and  the 
corneal  wound.    This  may  be  done  by  cutting,  as  in 
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fig.  37,  parallel  to  the  wound,  or  across  the  cornea  from 
below  upwards  at  right  angles  to  the  wound. 

Capsulotomy. — A  cystotome,  held  in  either  hand,  is 
introduced  through  the  wound  with  its  blunt  edge  down- 
wards, and  is  then  rotated  till  its  point  is  on  the  capsule, 
which  by  gentle  lateral  movements  is  incised.  Some 
operators  prefer  to  incise  the  anterior  capsule  freely,  and 
over  its  whole  surface,  while  others  aim  at  incising  only 
the  upper  portion.  Great  care  must  be  taken  not  to 
press  backwards  with  the  cystotome,  or  the  lens  may  be 
dislocated. 

Delivery  of  the  lens  (fig.  60). — If  under  cocaine,  the 
patient  is  now  told  to  direct  his  gaze  downwards,  and 


Fig.  60. — Deliveby  of  Lens 

moderate  pressure  by  the  curette  or  tortoiseshell  spoon 
(fig.  61),  held  in  the  right  hand,  is  applied  over  the  sclerotic 
below  the  cornea  till  the  upper  edge  of  the  lens  presents 
itself  in  the  wound.  This  pressure  is  continued  firmly, 
but  gently,  till  the  whole  lens  is  gradually  delivered.  As  in 
fig.  60,  a  good  plan  is  to  apply  a  spatula,  held  in  the  left 
hand,  over  the  upper  edge  of  the  wound,  as  by  this  means 
the  lens  is  kept  forwards,  and  delivered  over  the  spatula. 
If  the  lens  sticks  it  may  be  brought  out  by  the  cystotome. 
After  the  lens  is  delivered  the  speculum  may  be  taken 
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out  and  the  eyelid  closed  for  a  few  seconds.  In  most 
cases  some  soft  lens  matter  will  have  been  left  behind, 
and  this  must  now  be  evacuated  through  the  wound,  hj 
pressing  below  the  cornea  with  the 
curette  until  the  pupil  appears  quite 
black.  A  very  good  way  is  to  apply 
the  pressure  by  rubbing  the  lower  lid 
over  the  lower  part  of  the  cornea,  and 
sponging  away  the  soft  lens  material 
as  it  is  presented  at  the  wound. 

Beplacement  of  iris. — After  the 
pupillary  area  has  assumed  a  black 
appearance,  the  operator  should  intro- 
duce a  curette  or  spatula  at  one  side 
of  the  wound,  and  push  the  iris  edge 
towards  the  centre  of  the  cornea  till 
he  can  see  that  the  angle,  formed  by 
the  cut  edge  of  the  iris  and  the  pupil- 
lary margin,  is  in  its  proper  position. 
After  repeating  this  procedure  at  the 
other  side  of  the  wound,  the  operation 
is  completed.  The  pupil  should  now 
present  an  appearance  as  in  fig.  38,  A. 
The  3-millimetre  flap  opera- 
tion without  iridectomy.— Most  of  the  details  of  this 
operation  are  similar  to  the  last,  and  therefore  only  the 
points  of  difference  are  described  below. 

The  instruments  required  are  speculum,  fixation  for- 
ceps, a  knife  (Graefe's),  cystotome,  curette,  spatula,  and 
tortoiseshell  spoon 

The  corneal  section  is  the  same  as  in  the  precedmg 

operation  (p.  227). 

The  capsulotomtj  is  similar,  but  great  care  must  be 
taken  not  to  injure  the  iris  by  the  cutting  edge  of  the 
instrument,  and  the  capsule  must  be  divided  in  its 
central  portion,  owing  to  the  pupil  being  intact. 


Fig.  61.— Tortoise- 
shell  Spoon 
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Delivery  of  lens. — On  pressure  with  the  curette  or 
spoon  below  the  cornea,  the  iris  must  be  encouraged  to 
prolapse,  as  the  lens  has  to  pass  through  the  pupillary 
area  as  well  as  through  the  corneal  wound. 

Replacement  of  iris. — The  prolapsed  iris,  after  de- 
livery of  the  lens,  is  pushed  gently  back  through  the 
wound  into  the  anterior  chamber  by  means  of  a  spatula, 
and  the  speculum  being  taken  out,  the  lids  are  closed  for 
about  half  a  minute,  and  the  soft  lens  matter  removed  as 
above.  On  now  opening  carefully  the  lids  the  pupil  should 
be  central,  moderately  small,  and  round.  If  it  is  not  so, 
the  cornea  should  be  rubbed  by  the  spatula  near  its  centre, 
and  if  this  does  not  succeed,  the  spatula  should  be  again 
introduced  through  the  wound,  and  the  iris  pushed  gently 
inwards.  If,  however,  the  pupil  remains  large  and  irregu- 
lar in  shape,  an  iridectomy  should  be  performed,  as  there 
would  be  great  danger  of  prolapse  of  the  iris.  Eserine 
is,  as  a  rule,  dropped  in  the  eye  to  contract  the  pupil. 
After  the  iris  has  been  replaced,  the  eye  should  be 
washed  out  with  distilled  water  or  boracic  acid  solution, 
and  the  lids  carefully  closed. 

The  dressings  necessary  are  two  circular  pieces  of  soft 
hnen,  cut  large  enough  to  cover  the  eyelids,  and  smeared 
with  a  simple  ointment,  as  boracic  acid,  pads  of  absorbent 
cotton  wool,  and  a  bandage.  One  of  the  round  pieces  of 
linen  should  be  placed  over  each  eye,  and  covered  with 
small  smooth  pieces  of  absorbent  cotton  wool  of  about 
the  same  size.  The  amount  of  wool  to  be  used  depends 
upon  the  prominence  of  the  eye  or  depth  of  the  orbital 
hollow;  actual  pressure  is  not  requisite  unless  vitreous 
has  been  lost.  Both  eyes  are  lightly  but  securely 
bandaged  up,  in  order  to  keep  the  dressings  in  place. 
The  patient  is  now  lifted  into  bed,  and  told  to  lie  on  his 
back  with  the  head  resting  on  a  low  pillow.  If  possible, 
it  is  a  good  plan,  especially  if  an  iridectomy  has  not  been 
done,  to  leave  him  on  the  operating  table  for  half  an  hour 
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or  so,  to  afford  the  eye  complete  rest,  and  to  allow  the 
patient  to  recover  somewhat  from  the  shock  of  the 
operation. 

Complications  and  accidents  during*  the 
operation.  Corneal  section. — If  the  incision  is  found 
to  be  too  small,  the  wound  may  be  enlarged  at  either  or 
both  ends  by  a  pair  of  iridectomy  scissors.  If  the  puncture 
or  counter-puncture  be  too  peripheral,  a  conjunctival  flap 
is  formed  and  may  give  rise  to  hasmorrhage.  Great  care 
must  be  taken  to  see  that  the  knife  is  not  introduced  with 
its  cutting  edge  below  instead  of  above.  If  this  accident 
happens,  the  knife  may  be  drawn  out  and  the  operation 
deferred  till  another  day ;  or,  if  the  aqueous  has  n'ot 
escaped,  the  knife  may  be  rotated  and  the  section  made 
as  usual.  In  this  latter  case  there  is  great  danger  of  the 
iris  falling  over  the  knife. 

If  the  iris  falls  over  the  knife  during  the  section,  the 
operation  may  still  be  completed  as  usual,  but  the 
iridectomy  thus  effected  is  generally  irregular  and  mis- 
shapen. It  is  better  to  try  to  release  the  iris  from  the 
knife  by  applying  pressure  on  the  cornea  by  the  finger, 
and  then  completing  the  section  by  moving  the  knife 
forwards. 

Occasionally,  on  the  first  puncture  of  the  cornea  by 
the  knife,  the  aqueous  escapes  and  it  is  impossible  ^vith 
safety  to  make  the  counter-puncture.  In  such  cases  the 
knife  should  be  withdrawn  and  the  operation  postponed. 

In  passing  the  knife  across  the  anterior  chamber  to 
make  the  counter-puncture,  the  point  may  touch  or  wound 
the  iris ;  the  knife  should  be  slightly  drawn  back  and 
disengaged  from  the  iris,  and  the  counter-puncture  then 
made. 

If  the  counter-puncture  be  not  in  the  proper  position, 
the  knife  should  be  withdrawn  a  little,  and  the  counter- 
puncture  made  again  in  the  proper  place. 

During  the  iridectomy  stage,  there  may  be  considerable 
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haemorrhage  into  the  anterior  chamber,  and  this  may  be 
let  out  by  introducing  a  curette  through  the  wound,  or  by 
pressing  with  it  on  the  cornea  from  below  upwards.  The 
presence  of  the  haemorrhage  should  not  interfere  with  the 
incision  of  the  capsule,  which  may  be  proceeded  with  as 
usual. 

If  the  sphincter  portion  of  the  iris  escapes  division 
during  the  iridectomy,  it  should  be  divided  by  a  pair  of 


sc  ssors ;  otherwise  it  may 
hinder  the  escape  of  the  lens. 

Capstdotomy. — If  the  cap- 
sule is  too  hard  to  perforate 
with  a  cystotome,  it  may  be 
incised  by  a  Graefe's  knife,  or 
the  lens  extracted  in  its  cap- 
sule by  a  spoon  (fig.  62)  or 
vectis  (fig.  63).  When  doing 
capsulotomy,  the  lens  may  be 
seen  to  shift  its  position 
owing  to  weakness  of  the 
suspensory  ligament,  and  in 
these  cases,  if  it  does  not  tend 
to  come  easily  forwards  by 
pressure,  it  should  be  ex- 
tracted by  a  spoon. 

Delivery  of  lens. — If  the 
lens  does  not  present  itself, 


this  may  be  due  to  the  corneal  Fig.  G2.         Fig.  63. 

incision  being  too  small,  to  Cataract  Spoon  Vectis 
the  capsule  of  the  lens  not  being  sufficiently  lacerated, 
or  to  a  tendency  to  backward  dislocation  of  the  lens.  In 
such  cases,  the  corneal  wound  should  first  be  cleared  by 
passing  the  curette  along  it,  and  the  cystotome  may  again 
be  used ;  failing  these  means,  the  corneal  wound  should 
be  enlarged  by  scissors,  and  as  a  last  resource  the  lens 
must  be  delivered  by  a  spoon.    If  whilst  applying  pres- 
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sure,  the  vitreous  be  seen  as  a  black  object  through  the 
wound,  great  care  must  be  taken  not  to  apply  too  much 
pressure,  or  the  hyaloid  membrane  will  rupture  with 
subsequent  loss  of  vitreous.  In  such  cases  the  delivery 
should  be  made  at  once  with  a  spoon,  as  the  lens  may 
dislocate  backwards.  If  the  lens  dislocates  backwards,  it 
must  be  searched  for  with  a  spoon  in  the  vitreous  chamber, 
and  removed  at  all  costs,  as  if  left  it  would  set  up  in- 
flammation of  the  uveal  tract. 

Loss  of  vitreous  may  occur  before  or  after  delivery 
of  the  lens.  It  is  caused  by  too  much  pressure  on  the 
eye,  and  is  generally  associated  with  a  weak  suspensory 
ligament.  If  the  vitreous  is  lost  before  the  lens  is  de- 
livered, all  pressure  should  be  taken  off  the  eye  and  the 
lens  removed  by  a  spoon  or  vectis,  as  otherwise  pressure 
would  only  tend  to  dislocate  it  backwards.  If  it  happen 
after  delivery  of  the  lens  owing  to  the  pressure  of  the  specu- 
lum or  introduction  of  instruments,  the  vitreous  protrud- 
ing through  the  corneal  wound  should  be  cut  off  with  a 
pair  of  scissors,  and  the  eye  firmly  bandaged.  The  wound 
in  such  cases  always  takes  longer  to  heal,  and  forms  a 
larger  and  denser  cicatrix. 

Sometimes  the  cornea,  after  the  lens  is  removed,  may 
fall  inwards  and  present  a  cupped  appearance.  This  is 
generally  seen  when  cocaine  has  been  used,  and  need  not 
cause  anxiety,  as  the  cases  do  well  if  a  firm  bandage  be 
applied  after  completion  of  the  operation. 

The  most  fatal  accident  of  all  is  deep  intra-ocular 
haemorrhage,  in  which  case  the  eye  is  always  lost  for 
vision;  the  vessels  are  generally  diseased,  and  the 
haemorrhage  is  between  the  choroid  and  sclerotic. 

Course.— The  normal  course  after  extraction  is  for 
the  edges  of  the  corneal  wound  to  become  applied  to  one 
another,  and  in  twenty-four  hours  the  anterior  chamber 
should  be  reformed.  The  union  of  the  corneal  incision 
is  accompanied  by  slight  vascular  congestion  and  generally 
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a  little  lachrymation,  but  there  should  be  no  marked  swell- 
ing of  the  lids  or  coloured  discharge  from  the  eye.  If 
the  case  is  not  taking  a  normal  course,  the  eyelids  become 
red  and  swollen,  especially  towards  the  nasal  side,  and 
there  is  usually  discharge  on  the  dressings  and  along  the 
lashes.  On  depressing  the  lower  lid  the  conjunctiva  is 
congested  and  often  chemosed.  Unless  these  symptoms 
be  present,  the  surgeon  should  refrain  from  inspecting  the 
eye  itself  till  the  wound  has  healed :  curiosity  cannot  be 
too  strongly  deprecated.  The  wound  should  be  firmly 
healed  by  the  end  of  the  seventh  day. 

Owing  to  the  return  of  sensibility  following  the 
antesthesia  of  the  cornea  the  patient  generally  complains 
the  first  night  of  a  little  pain  and  lachrymation,  and  often 
for  a  few  days  the  eye  has  a  gritty  and  itching  sensation. 

After  treatment:  Local. — If  the  eye  has  been 
operated  on  in  the  morning  the  bandages  may  usually  be 
removed  the  same  evening  if  the  patient  has  any  discom- 
fort. This  must  be  done  very  carefully,  and  it  is  advisable 
to  remove  first  the  dressings  from  the  sound  eye,  which 
should  always  be  treated  as  if  it  were  the  operated-on  eye, 
in  order  to  accustom  the  patient  to  the  necessary  manipu- 
lations. The  best  way  to  dress  the  eye  is  to  soak  a  pledget 
of  absorbent  cotton  wool  in  boracic  acid  solution,  and  to 
bathe  the  side  of  the  nose,  so  as  to  avoid  the  shock  and 
consequent  movement  of  the  patient  if  the  eyelids  are  first 
bathed.  The  palpebral  portion  of  the  hd  and  the  eye- 
lashes are  then  gently  washed  backwards  and  forwards 
with  another  pledget.  The  lower  lid  is  carefully  pulled 
down  by  the  finger  of  the  surgeon,  so  as  to  allow  any 
pent-up  tears  to  escape;  during  all  these  proceedings 
the  patient  is  instructed  to  keep  his  eye  closed.  Exactly 
similar  treatment  is  apphed  to  the  operated-on  eye,  and 
the  dressings  should  always  be  carefully  examined  for 
signs  of  discharge  or  bleeding.  Both  eyes  are  dressed 
as  before  and  bandaged  up. 
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In  an  uncomplicated  case,  the  eyes  are  dressed  in  the 
same  manner  every  day,  or  less  frequently  if  the  patient 
suffers  no  discomfort  or  pain.  At  the  end  of  the  fourth 
day,  the  bandage  may  be  left  off  the  sound  eye,  but  it 
is  usual  to  keep  the  eye,  which  has  been  operated  on, 
bandaged  up  for  a  week  at  least. 

The  patient  must  be  told  to  lie,  if  possible,  on  his 
back  for  forty-eight  hours,  and  then  he  may  turn  a 
little  over  to  the  sound  side.  For  the  first  forty-eight 
hours  he  should  be  watched  day  and  night,  and  it  is  a 
very  good  plan  to  restrict  his  hands  by  tying  them  down 
when  he  is  going  to  sleep,  as  the  success  of  many  an 
operation  has  been  marred  by  an  involuntary  blow  from 
the  patient's  hand. 

In  cases  without  iridectomy,  in  order  to  keep  the  eye 
as  completely  at  rest  as  possible,  I  often  strap  or 
plaster  up  the  operated-on  eye,  and  do  not  look  at  the 
eye  for  four  or  five  days,  unless  the  patient  has  pain. 
If  there  is  any  doubt  about  the  position  of  the  pupil 
after  the  operation,  it  is  best  to  dress  the  case  the  same 
evening,  and  then,  if  all  is  quiet,  to  strap  the  eye  up. 
When  the  wound  is  quite  healed  it  is  advisable  to  use 
atropine  drops  once  or  twice,  to  make  sure  that  the  pupil 
will  dilate,  and  is  not  bound  down  to  the  remains  of 
capsule. 

Some  operators  use  atropine  as  a  routine  treatment 
in  nearly  every  case  after  extraction. 

The  objection  to  atropine  drops,  when  iridectomy  has 
been  performed,  is  that  the  dilatation  of  the  pupil  prevents 
the  coloboma  being  kept  small,  and  may  induce  traction 
on  the  ciliary  region.  Atropine  irritation  and  conjuncti- 
vitis may  also  be  set  up. 

For  the  first  two  or  three  days,  the  diet  should  consist 
of  fluids  and  soft  foods  that  do  not  necessitate  much 
muscular  effort  in  mastication. 

The  patient  must  avoid  all  straining,  and  must  on  no 
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account  leave  his  bed  until  the  wound  is  healed.    As  ligh 
irritates  the  eyes,  the  patient  should  not  be  placed  facing 
it,  and  the  room  should  be  kept  moderately  dark. 

After  the  wound  is  well  healed,  and  any  inflammatory 
symptoms  have  disappeared,  the  patient  may  be  allowed 
to  go  out,  but  should  wear  goggles  or  tinted  glasses  for  a 
time. 

If  the  removal  of  the  lens  is  quite  successful,  the 
patient  should  be  tried  for  glasses  in  about  two  months, 
as  it  requires  fully  that  time  for  the  eye  to  quiet  down, 
and  for  the  cornea  to  assume  its  new  shape. 

It  is  usual  to  order  a  glass  for  distance,  and  a 
stronger  one  for  reading,  and  if  the  non-operated-on  eye 
has  little  power  of  vision,  it  is  useful  to  order  the  glasses 
in  a  reversible  frame,  so  that  the  distance  glass  may  be 
over  the  other  eye  when  the  operated-on  eye  is  used  for 
reading,  and  vice  versd.  This  does  away  with  the  necessity 
for  two  pairs  of  spectacles.  The  changes  in  the  cornea 
often  produce  astigmatism.  The  strength  of  glasses  to  be 
prescribed  will  be  found  under  'Aphakia  '  (p.  384).  It  is 
important  to  warn  patients  that  with  glasses  they  will,  at 
first,  experience  considerable  difficulty  in  judging  distance, 
as  going  up  and  down  stairs.  The  vision  corrected  with 
glasses  may  be  f  and  -5  at  20  cm.,  and  is  frequently  -f^  ; 
some  patients  from  nervousness  do  not  see  well  at  first,  but 
improve  after  a  time.  An  operation  is  said  to  be  a  suc- 
cess when  with  glasses  the  vision  is  at  least  a  partial 
success  when  the  vision  is  less  than  -^f-^  and  at  least  large 
objects,  and  a  failure  if  there  is  only  perception  of  light. 

Immediate  complications — If  the  operation  has 
been  a  difficult  one,  there  may  be  pain,  swelhng  of  the  lids, 
and  congestion  and  chemosis  of  the  conjunctiva  the  next 
day;  these  symptoms  may  disappear  on  the  apphcation 
of  leeches,  and  the  administration  of  quinine  internally. 
The  wound  may  not  heal  for  some  days,  owing  to  the  state 
of  the  patient's  general  health,  or  to  the  presence  of  lens 
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debris  or  iris  tissue  in  the  incision ;  occasionally  there 
may  be  a  leakage  from  the  wound  preventing  the  forma- 
tion of  the  anterior  chamber  for  weeks.  These  conditions 
are  best  treated  by  compresses  and  firm  bandaging,  or 
sometimes  by  cauterisation  of  the  wound. 

Wound  infection  may  occur  about  twenty-four  hours 
after  the  operation,  and  is  rare  after  the  fourth  day. 
The  signs  are  generally  ushered  in  by  great  pain  in  the 
eye,  accompanied  by  a  flow  of  scalding  tears,  which  pre- 
vents the  patient  sleeping ;  occasionally,  and  it  is  a  bad 
symptom,  there  may  be  no  pain. 

The  signs  are  congestion  and  chemosis  of  the  con- 
junctiva, and  the  edges  of  the  wound  look  white  or 
yellowish.  A  muco-purulent  or  purulent  discharge  soon 
ensues,  and,  unless  checked,  the  eye  may  pass  into  the 
condition  of  panophthalmitis.  This  occurs  generally  in 
broken-down  subjects,  but  can  usually  be  traced  to  intro- 
duction of  septic  material  into  the  eye  during  the  opera- 
tion. The  treatment  is  caiiterisation  of  the  lips  of  the 
wound,  the  use  of  antiseptic  lotions,  as  nitrate  of  silver 
(P.  35)  or  perchloride  of  mercury  (P.  34),  and  fomen- 
tations of  belladonna  (F.  4)  or  poppyheads  (P.  39). 
The  patient's  general  health  should  be  kept  up  by  stimu- 
lants and  good  feeding  :  quinine  is  generally  indicated,  and 
also  hypodermic  injections  of  morphia  to  allay  the  pain. 

The  cornea  is  sometimes  affected,  probably  owing  to 
infiltration  from  the  wound,  or  from  cocaine  especially  if 
perchloride  of  mercury  has  been  used.  It  may  be  simply 
dulled  for  some  days,  the  superficial  epithelium  may  be 
denuded  in  places,  or  it  may  have  a  striped  appearance 
[striped  keratitis). 

Prolapse  of  iris  happens,  as  a  rule,  about  twenty- 
four  hours  after  the  operation,  but  may  occur  as  late  as 
the  fifth  day.  It  is  generally  met  with  in  cases  without 
iridectomy,  and  the  first  symptoms  are  sudden,  sharp, 
shooting  pain  in  the  eye,  followed  by  profuse  watery 
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discharge.  The  cause  may  be  due  to  the  irritation  and 
swelling  of  softened  lens  matter,  or  to  a  sudden  shock  or 
strain  as  cough  or  vomiting.  If  the  prolapse  of  iris  is 
recent  it  may  be  replaced  by  a  spatula  and  kept  in  its 
place  by  eserine ;  but,  as  a  rule,  it  must  be  cut  off. 
Firm  bandaging  may  be  tried,  but  the  prolapse  if  left 
generally  gives  rise  to  a  cystoid  cicatrix,  which  should  be 
cauterised  or  tapped,  and  the  eye  then  firmly  bandaged. 

The  effect  of  prolapse  of  the  iris  is  to  draw  the  pupil- 
lary aperture  towards  the  wound,  and  in  some  cases  to 
close  the  pupil. 

Iritis  is  the  most  common  complication,  and  must  be 
treated  by  atropine  and  fomentations.  It  is  not  serious 
unless  there  is  much  effusion  of  lymph,  or  cyclitis  is  also 
present. 

Hyphama  may  occur  some  days  after  the  operation, 
and  may  disappear  and  recur  several  times ;  the  eye 
should  be  bandaged  and  the  iris  kept  at  rest  by  atropine. 

Glaucoma  may  occur  directly  the  wound  has  closed, 
but  generally  some  months  afterwards ;  it  is  sometimes 
set  up  by  needling  operations.  It  is  due  to  the  iris  or 
ciHary  processes  being  caught  in  the  scar  tissue,  and  thus 
causing  obstruction  at  the  iridic  angle. 

Sxthretinal  hcsmorrhage  is  occasionally  met  with,  being 
ushered  in  by  sharp  pain  in  the  eye  followed  by  a  gush 
of  vitreous  and  profuse  haemorrhage,  and  results  from  the 
effect  of  the  sudden  diminution  of  pressure  on  diseased 
vessels. 

Remote  complications. — Sympathetic  ophthalmitis 
is  a  very  rare  sequela.  Erythropsia,  or  red  vision,  may 
occur  after  some  months,  lasting  a  short  or  long  time  ; 
visual  acuity  is  not  affected,  and  the  symptom  does  not 
call  for  treatment.  Owing  to  the  changes  in  the  cornea, 
astigmatism  may  be  produced,  and  the  vision  in  many 
cases  of  extraction  is  much  improved  by  the  addition  of 
a  weak  cylinder  to  the  convex  glasses  ordered. 
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It  is  not  uncommon  in  cases  of  successful  extraction, 
in  which  the  vision  after  operation  has  been  good,  for  the 
sight  to  deteriorate  after  some  months  or  even  years.  This 
may  be  due  to  thickening  of  the  capsule,  or  changes  in 
the  vitreous,  choroid,  or  retina. 

After- cataract  is  the  name  applied  to  the  remains  of 
capsule,  lens  matter,  or  products  of  inflammation,  found  in 
the  coloboma  or  pupil  after  an  operation  for  cataract. 
Clinically,  they  may  be  divided  into  two  classes— non- 
inflammatory and  inflammatory. 

1.  The  non-inflammatory,  generally  seen  as  fine  cracks 
and  lines  in  the  pupillary  area,  are  not  adherent  to  the  iris, 
and  therefore  do  not  interfere  with  the  action  of  the  pupil. 
They  consist  of  remains  of  the  anterior  capsule  or  lens 
substance,  and  also  of  the  opaque  posterior  capsule ;  they 
may  not  appear  for  months  after  the  extraction.  They 
generally  produce  considerable  loss  of  vision,  and  are 
easily  treated  under  cocaine  by  breaking  them  up  by 
means  of  a  needle  (fig.  54)  introduced  through  the  corneal 
periphery.  Occasionally,  it  is  advisable  to  employ  a 
second  needle  passed  from  the  opposite  side,  so  that  the 
capsule  can  be  torn  between  them. 

2.  The  inflammatory  cases  are  much  more  serious,  and 
are  the  result  of  iritis  or  cyclitis.  They  consist  of  a  more 
or  less  thick  membrane  occluding  the  pupil  and  bound 
down  to  the  iris.  The  treatment  in  these  cases  must  be 
put  off  till  all  signs  of  active  inflammation  have  dis- 
appeared. Needles  should  never  be  used  to  tear  these 
membranes  ;  and  the  best  way  is  to  introduce  a  thin 
Graefe's  knife  near  the  periphery  of  the  cornea  into  the 
anterior  chamber,  and  when  the  point  of  the  knife  has 
reached  the  limit  of  the  proposed  coloboma,  the  handle 
should  be  raised,  and  the  knife  made  to  cut  its  way 
through  the  iris  and  membrane  as  far  as  desired,  and 
then  slowly  withdrawn.  Sometimes  an  iridectomy  is  the 
best  treatment. 
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Operations  on  after-cataviicts,  though  sometimes  easy, 
are  always  to  he  undertaken  with  great  caution,  as 
cyclitis,  glaucoma,  and  even  panophthalmitis,  may  be 
set  up. 

Aphakia  (d,  not ;  <^aKos,  lentil)  is  the  term  applied  to 
the  condition  of  the  eye  when  the  lens  has  been  removed 
from  the  line  of  vision  by  operation,  absorption  after 
injury,  or  by  dislocation.  In  these  cases  the  anterior 
chamber  is  deep,  the  iris  generally  tremulous,  and  the 
reflexes  seen  normally  at  the  anterior  and  posterior  sur- 
faces of  the  lens  are  absent.  The  eye  is  in  a  state  of 
hypermetropia,  and  there  is  no  power  of  accommodation. 
It  is  necessary  to  give  a  convex  glass  for  distance,  and 
a  stronger  one  for  reading  (see  page  384). 

Dislocation  of  the  lens  may  be  traumatic,  or  con- 
genital, complete  or  partial ;  if  complete,  it  is  into  the 
aqueous  or  vitreous  chambers. 

The  symptoms  are  chiefly  those  of  disturbance  of 
vision,  such  as  monocular  diplopia  and  defective  accom- 
modation, and  there  may  be  great  neuralgic  pain.  A 
constant  sign  is  a  tremulous  condition  of  the  iris. 

In  the  complete  variety  the  anterior  chamber  is  deep, 
the  two  lenticular  reflexes  are  absent,  and  there  is  no 
power  of  accommodation.  When  the  dislocation  is  into 
the  aqueous  chamber,  the  lens,  if  of  normal  structure, 
looks  by  oblique  illumination  like  a  drop  of  oil  with  a 
golden  margin. 

When  it  is  into  the  vitreous  chamber,  the  lens  Kes  at 
the  lowest  part;  in  either  case  the  lens  soon  becomes 
opaque.  In  traumatic  cases  complicated  with  rupture  of 
the  sclerotic  the  lens  may  lie  beneath  the  conjunctiva. 

In  ixtrtial  dislocations,  a  black  line  may  be  seen  in 
some  part  of  the  pupillary  area  corresponding  to  the 
rounded  edge  of  the  lens,  and  in  some  cases,  by  the 
indirect  ophthalmoscopic  examination,  the  optic  disc  may 
appear  doubled,  in  consequence  of  the  fundus  being  seen 
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through  the  lens  and  also  through  the  portion  of  the 
pupil  unoccupied  by  it. 

The  tremulousness  of  the  iris  is  best  seen  near  the 
dislocated  portion,  and  immediately  opposite  this  place 
the  iris  is  pushed  forwards  rendering  the  anterior  chamber 
more  shallow. 

Complications  and  sequela. — Irido-cyclitis  and  cho- 
roiditis are  sometimes  associated  with,  or  follow,  backward 
displacements  of  the  lens ;  inflammation  of  the  cornea 
and  secondary  glaucoma  not  unfrequently  resiilt  from 
forward  dislocations. 

Causation. — Displacements  of  the  lens  are  congenital 
or  acquired,  and  result  from  some  defect  in  the  suspensory 
ligament,  as  rupture,  stretching,  or  imperfect  development. 
The  congenital  variety  occurs  in  both  eyes,  and  is  often 
hereditary ;  the  acquired  form  is  caused  by  a  blow  on  the 
head  or  eye,  or  by  strain,  as  coughing  or  vomiting. 

The  treatment  of  dislocation  into  the  aqueous  chamber 
IS  to  remove  the  lens.    In  young  subjects  this  may  be 
done  by  discission,  but  in  other  cases  extraction  by  a 
corneal  flap  must  be  employed.    The  lens  should  first  be 
fixed  by  a  needle  to  keep  it  in  position,  as  otherwise  it 
would  dislocate  into  the  vitreous  chamber.    After  the 
corneal  incision  the  lens  should  be  dehvered  by  a  spoon 
or  vectis.    No  operative  procedures  for  removal  of  the 
lens  are  of  avail  in  dislocation  into  the  vitreous  chamber, 
and  the  lens  may  occasionally  lie  there  for  years  without 
exciting  any  marked  inflammation,  the  eye  being  in  the 
same  condition  as  after  the  old  operation  of  couching. 
Glasses  should  be  ordered  as  in  a  case  of  aphakia. 

In  partial  dislocation,  owing  to  the  alteration  m 
refraction,  glasses  may  improve  the  vision.  In  cases 
where  the  edge  of  the  partially  dislocated  lens  divides 
the  pupil  into  two  parts,  a  convex  glass  correcting  the 
refraction  of  the  aphakic  portion  may  greatly  improve 
vision. 
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INJUEIES. — The  lens  may  be  dislocated  or  a  cataract 
may  be  produced  by  blows  on  the  eye.  Penetrating 
wounds  of  the  eyeball,  complicated  with  injury  to  the 
lens,  are  very  serious  owing  to  the  lens  swelling  and 
pressing  on  the  ciliary  processes. 
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CHAPTBE  XVI 

DISEASES  OF  THE  AQUEOUS  AND  VITEEOUS 

Anatomy.— The  two  chambers  (aqueous  and  vitreous) 
of  the  eyeball  (fig.  64),  which  support  the  iris,  lens,  and 
retina,  are  two  spaces  or  reservoirs  containing  modified 
lymph.  The  pressure  in  both  is  equal  at  all  times, 
owing  to  the  free  communication  and  circulation  of  the 
fluid. 

The  aqueous  chamber  is  bounded  in  front  by  the 
posterior  surface  of  the  cornea,  and  behind  by  the  sus- 
pensory Hgament  and  the  anterior  capsule  of  the  lens, 
and  has  suspended  in  it  the  iris,  dividing  it  into  two 
portions.  The  anterior  of  these  is  known  as  the  anterior 
chamber,  and  the  other  one  as  the  -posterior  chamber,  but 
in  the  normal  state  they  are  practically  one,  owing  to  the 
pupillary  aperture. 

The  anterior  aqueous  chamber  is  situated  between  the 
cornea  in  front  and  the  iris  behind;  at  the  junction  of  the 
latter  with  the  cornea  is  the  iridic  or  filtration  angle, 
through  which  the  lymph  circulates,  and  passes  by  the 
spaces  of  Fontana  and  canal  of  Schlemm  to  the  anterior 
ciliary  veins. 

The  posterior  aqueous  chamber  is  triangular  in  section, 
with  its  greatest  width  near  the  ciHary  body,  and  is 
bounded  in  front  by  the  posterior  surface  of  the  iris,  be- 
hind by  the  anterior  capsule  and  suspensory  ligament  of 
the  lens,  and  peripherally  by  the  ciliary  body. 

The  aqueous  humour  is  a  fluid  of  low  specific  gravity, 
containing  water,  a  few  salts,  and  a  very  small  quantity 
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of  albumen.  The  fluid  differs  from  ordinary  lymph, 
resembling  rather  the  cerebro-spinal  fluid ;  it  is  secreted 
by  the  ciliary  processes,  and  perhaps  by  the  iris  (in  cases 
of  aniridia  it  is  normal).  It  mainly  passes  from  the  ciliary 
processes  in  front  of  the  suspensory  ligament  of  the  lens 
into  the  posterior  aqueous  chamber.    Its  secretion  is  very 


Fig  64. — Diagram  showing  the  Circulation  of  the 
Intra-octjlar  Fluid 


rapid,  as  can  be  demonstrated  by  tapping  the  anterior 
chamber,  when  in  a  few  minutes  the  chamber  is  reformed. 

In  foetal  life  the  anterior  chamber  for  some  time  is 
absent,  and  in  consequence  the  iris  and  lens  lie  in  close 
apposition  to  the  cornea. 

The  vitreous  or  posterior  of  the  two  main  chambers 
is  filled  with  a  thin  gelatinous  transparent  tissue  (mucoid 
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tissue),  and  may  be  compared  to  a  sponge  permeated 
with  a  watery  fluid  of  about  the  same  specific  gi-avity 
as  the  aqueous.  The  vitreous  is  arranged  in  concentric 
lamellae,  which  can  be  demonstrated  after  hardening  with 
chromic  acid,  and  is  a  remnant  of  foetal  mesoblastic  struc- 
ture containing  a  few  stellate  and  fusiform  cells,  and 
numerous  fibrillge.  This  gelatinous  tissue  is  never  re- 
formed when  the  vitreous  is  lost  by  operation  or  injury  ; 
in  such  cases,  the  chamber  is  refilled  by  the  watery 
secretion  from  the  cihary  processes.  The  new  condition 
is  known  as  fl^dcl  vitreous,  and  owing  to  the  alteration  and 
consequent  want  of  proper  support,  the  iris  and  lens 
generally  become  tremulous.  The  vitreous  fluid  is  enclosed 
by  a  thin  homogeneous  structure  known  as  the  hyaloid 
memhrane,  which  is  intimately  attached  to  the  internal 
Umiting  membrane  of  the  retina,  and  in  front,  leaving  the 
cihary  processes,  adheres  to  the  suspensory  ligament. 
This  membrane  allows  the  watery  fluid  to  filter  through  it. 

The  fluid  of  the  vitreous  is  secreted  by  the  ciliary  pro- 
cesses, and  most  of  it  finds  its  way  through  the  suspensory 
Hgament  irito  the  aqueous  chamber ;  but  a  small  quantity 
passes  by  the  hyaloid  canal  to  the  optic  nerve  sheath, 
and  also  by  the  supra-choroidal  tract  to  the  pial  sheath 
of  the  nerve.  The  vitreous  is  an  avascular  structure,  but 
in  foetal  life  it  contains  blood  vessels  passing  from  the 
central  artery  of  the  retina  to  the  posterior  surface  of  the 
capsule  of  the  lens,  and  forming  a  plexus  of  blood  vessels 
for  the  nutrition  of  the  lens.  The  canal  through  which 
this  hyaloid  artery  passes  is  known  as  the  hyaloid  canal, 
and  after  foetal  life,  though  as  a  rule  mvisible,  it  conducts 
the  circulating  lymph  to  the  optic  nerve. 

Circulation  of  the  intra-ocular  fluids  (fig.  64).— In  a 
healthy  eye,  there  is  always  a  circulation  taking  place 
of  the  fluid  secreted  by  the  cihary  processes,  which  keeps 
the  vitreous  and  aqueous  chambers  in  a  state  of  dis- 
tention.    The  circulation  is  determined  by  the  blood 
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flow,  and  the  intm-ocular  pressure  varies  with  the  lilootl 
pressure. 

The  fluid  passes  in  two  main  directions  :  (1)  through 
the  suspensory  Hgament  and  hyaloid  membrane  into  the 
vitreous,  and  (2)  directly  into  the  posterior  portion  of  the 
aqueous  chamber.  The  vitreous  portion  flows  mainly 
through  the  suspensory  ligament  into  the  anterior  chamber, 
but  some  circulates  along  the  hyaloid  canal  to  the  optic 
nerve,  and  thus  through  the  nerve  sheath  to  the  cerebro- 
spinal fluid. 

The  direction  of  the  circulation  of  the  aqueous  portion 
is  from  the  posterior  aqueous  chamber  through  the  pupil- 
lary aperture  into  the  anterior  part  of  that  chamber,  and 
then  towards  its  periphery,  passing  through  the  iridic  or 
filtration  angle  into  the  spaces  of  Fontana  and  canal  of 
Schlemm,  and  so  to  the  anterior  ciliary  veins. 

Diseases  of  the  Aqueous 

The  aqueous  chamber  varies  greatly  in  depth  even 
in  health,  and  becomes  more  shallow  during  the  action 
of  accommodation  and  in  old  people  ;  it  is  deeper  'in 
myopes  than  in  hypermetropes.  It  increases  in  depth 
owing  to  exaggerated  curvature  of  the  cornea,  as  in  staphy- 
loma and  conical  cornea,  or  from  recession  of  the  lens  and 
iris  in  aphakia,  cyclitis,  and  iritis.  It  is  diminished  by 
the  advance  of  the  iris  and  lens  in  glaucoma  and  intra- 
ocular tumour,  or  by  flattening  of  the  cornea. 

In  certain  diseases,  as  iritis,  uveitis  especially  sympa- 
thetic, and  glaucoma,  the  aqueous  may  become  turbid  and 
more  albuminous. 

Kyphaema  {vtto,  under;  alfxa,  blood),  or  blood  in  the 
anterior  chamber,  can  be  diagnosed  by  its  black  or  bright 
red  appearance.  In  some  cases  the  chamber  may  be  quite 
full  of  blood,  but  as  a  rule  it  is  seen  only  in  the  most 
dependent  part  (fig.  65),  and  has  either  a  straight  or 
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slightly  concave  upper  border.  As  a  rule  the  blood  is 
quickly  absorbed,  but  may  remain  for  several  weeks. 

The  hyphaema  changes  its  place  when  the  head  re- 
mains long  in  one  position.  Vision  is  generally  much 
reduced,  and  there  may  be  a  recurrence  of  the  haemor- 
rhage. 

It  may  be  produced  spontaneously,  but  generally  is 
due  to  traumatism  following  a  blow  on  the  eye  or  on  the 

head,  and  it  also  occurs  after 
operations  on  the  iris. 

The  treatment  is  by  appli- 
cation of  ice-cold  compresses 
or  hot  fomentations,  tight 
bandaging,   and  sometimes 
Fig.  65.— Hyph.s;ma  the  application  of  atropine. 

Hypopyon  {v'/r6,  under ; 
TTvov,  pus)  is  the  term  applied  to  pus  or  lymph  in  the 
anterior  chamber.  It  is  generally  found  in  the  lowest  part 
(fig.  21 ),  and  may  be  fluid,  moving  with  the  position  of 
the  head,  or  viscid,  resembling  organised  lymph.  It  is 
a  symptom  of  purulent  cyclitis,  and  usually  follows  an 
infective  corneal  ulcer  (p.  76).  In  children  it  is  not  such 
a  serious  symptom,  and  quickly  disappears  on  treatment ; 
but  in  adults  it  is  much  more  dangerous. 

Treatment. — In  children,  belladonna  fomentations  and 
atropine  drops  to  dilate  the  pupil ;  in  adults,  it  is  often 
necessary  to  perform  paracentesis  of  the  anterior  chamber 
(p.  81)  in  order  to  evacuate  the  pus. 

A  dislocated  lens  or  a  cysticercus  may  be  occasionally 
found  in  the  anterior  chamber. 

Poreig"n  bodies  find  their  way  into  the  anterior  cham- 
ber occasionally  through  the  sclerotic,  but  as  a  rule  through 
the  cornea.  In  all  such  cases,  therefore,  the  cornea  should 
be  very  carefully  examined  for  a  scar.  Unless  entangled 
in  the  iris,  they  are  found  at  the  lowest  part  of  the 
chamber  and  generally  give  rise  to  ciliary  congestion  and 
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pain,  though  if  not  removed,  a  foreign  body  may  become 
encapsuled,  and  remain  for  years  witliotit  giving  rise 
to  any  furtlier  trouble.  Tlie  complications  are  mostly  due 
to  septic  condition  of  the  foreign  body,  and  may  be  iritis, 
cyclitis,  and  even  purulent  uveitis.  The  foreign  bodies 
comprise  eyelashes,  gun  caps,  glass,  and  pieces  of  metal 
as  steel  (heated  metal  is  aseptic).  With  the  exception  of 
glass,  they  can  generally  be  seen  by  focal  illumina- 
tion, unless  they  are  concealed  by  the  presence  of  blood) 
or  entangled  in  the  iris: 

The  treatment  i?,  to  extract  the  foreign  body,  if  possible  ; 
.  when  of  iron  or  steel  it  may  be  removed  by  a  magnet 
introduced  through  a  corneal  incision.  In  other  cases, 
after  a  corneal  incision,  it  should  be  seized  with  a  pair  of 
small  forceps.  These  operations  should  always  be  done 
under  an  anaesthetic,  as  it  is  most  important  that  the 
patient  should  be  kept  quiet. 

Diseases  of  the  Viteeous 

Cong-enital  abnormalities. — Persistence  of  the 
hyaloid  artery  is  occasionally  met  with,  and  is  seen  by  the 
ophthalmoscope  as  a  tortuous,  cord-like  vessel  contain- 
ing blood  and  coming  forward  from  the  optic  disc  into 
the  vitreous.  In  other  cases,  the  hyaloid  canal  may  be 
seen  as  a  small  greyish-white  cul-de-sac  near  the  disc. 

Fibrous  membranes  ^  are  found,  especially  in  cases  of 
congenital  cataract,  behind  the  lens,  and  are  the  remains 
of  the  hyaloid  artery  or  the  fibro-vascular  sheath  at  the 
back  of  the  lens. 

Muscae  volitantes  {musca,  a  fly  ;  volitans,  flitting) 
IS  the  term  used  for  the  appearance  of  motes  floating 
before  the  eyes  without  any  obvious  structural  changes 
in  the  vitreous  or  in  the  other  transparent  media.  These 
are  observed  most  distinctly  in  bright  hghts,  especially 

'  Collins,  Anatomy  and  Pathology  of  the  Eye,  p.  41. 
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when  gazing  at  a  plain  surface,  such  as  the  blue  of  tlie 
sky,  or  on  looking  through  a  microscope.  They  are  grey 
in  colour,  and  take  the  form  of  twisted  strings  of  pearly 
globules,  hair-like  opacities,  and  single  globules.  Mucus 
on  the  cornea,  notably  in  cases  with  conjunctival  dis- 
charge, is  often  mistaken  for  muscae,  but  the  appearance 
vanishes  on  rubbing  the  lid  over  the  cornea. 

These  motes  are  produced  by  the  shadows  thrown  on 
the  retina  by  the  cells  normally  found  in  the  vitreous, 
and  are  frequently  seen  in  cases  of  refraction  errors,  as 
myopia,  and  in  patients  suffering  from  digestion  troubles. 
They  give  rise  to  a  good  deal  of  annoyance,  but  do  not 
affect  the  acuity  of  vision,  and  are  present  in  every  adult 
at  times.  A  good  way  to  observe  them  is  to  look  at  the 
sky  through  a  pinhole  in  a  card. 

The  treatment,  if  they  are  of  recent  origin,  is  to  attend 
to  the  general  health,  and  a  blue  pill  will  often  relieve 
the  symptoms ;  but  if  of  long  standing,  active  measures 
are  of  little  avail.  The  patient  should  be  told  to  try  to 
forget  their  presence,  which  is  largely  due  to  his  looking 
for  and  expecting  to  see  them.  In  very  troublesome  cases, 
the  eye  should  be  rested  from  work  as  much  as  possible, 
and  the  use  of  tinted  glasses  advised. 

Synchysis  (n-w,  with  ;  x«w,  I  pour)  {fluid  vitreous)  is 
the  condition  in  which  the  vitreous  has  lost  its  gelatinous 
consistency.  It  is  .found  after  perforating  wounds  and 
operations  attended  by  loss  of  vitreous,  and  in  cases 
of  staphyloma  and  uveitis;  it  is  diagnosed  by  the 
rapid  movement  of  the  opacities  in  the  vitreous,  and, 
as  a  rule,  by  a  tremulous  condition  of  the  iris.  Though 
generally  associated  with  diminution  of  tension,  it  may 
be  found  with  normal  or  even  increased  tension. 

Vitreous  opacities. — As  a  result  of  morbid  changes 
in  the  vitreous  and  the  surrounding  structures  (ciliary 
body,  choroid,  and  retina),  opacities  of  various  shapes  and 
sizes  make  their  appearance  in  the  vitreous  chamber. 
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The  symptoms  are  chiefly  those  of  disturbance  of  vision, 
which  may  be  greatly  impaired  according  to  the  number 
and  size  of  the  opacities,  the  patient  complaining  of  the 
appearance  of  objects  floating  before  the  eye.  When  only 
one  opacity  is  present,  the  patient  will  accurately  describe 
its  shape,  and  from  its  movement  being  limited  to  a  portion 
of  the  vitreous,  he  will  be  able  to  bring  it  into  the  field  by 
a  particular  movement  of  the  eye. 

Signs. — The  methods  of  exploring  the  vitreous  by  the 
ophthalmoscope  have  already  been  described  on  pp.  19,  21. 
The  opacities  appear  as  dark  objects  moving  in  front  of 
the  red  reflex  of  the  fundus,  and  on  examining  their  details 
by  the  direct  close  ophthalmoscopic  method,  the  following 
chnical  varieties  may  be  distinguished  : — 

(1)  Isolated  dots,  most  numerous  at  the  anterior  and 
posterior  parts  of  the  vitreous,  seen  in  cyclitis  and  myopia. 

(2)  Dust-like  clouds,  of  which  the  elements  maybe  too 
minute  to  be  separately  distinguished.  These  are  found 
in  limited  portions  of  the  vitreous,  and  are  characteristic 
of  syphilitic  affections  of  the  retina  and  choroid. 

(3)  Membranotis  patches,  like  black  crape  or  muslin, 
usually  the  result  of  extensive  hsemorrhages. 

(4)  Beads,  strings,  or  threads. 

(5)  Minute  glittering  scales  of  cholesterine,  resembling 
flakes  of  snow  falling  past  a  hghted  street  lamp,  and 
known  as  synchysis  scintillans.  These  are  met  with 
generally  in  old  people,  may  not  interfere  with  vision,  and 
are  the  result  of  degenerative  changes. 

The  view  of  the  fundus  is  obscured  according  to  the 
number  and  size  of  the  opacities,  and  in  some  cases  the 
disc  has  a  pink  hyperamic  look,  owing  to  the  altered 
condition  of  the  vitreous. 

Causation.— They  may  follow  injury  to  the  eye,  and 
are  then  due  to  haemorrhage  from  the  choroidal  or  retinal 
vessels,  but  most  commonly  are  the  result  of  disease  of 
the  surrounding  structures.    The  ocular  diseases  in  which 
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they  are  found  are  cyclitis,  uveitis,  retinitis,  choroiditis, 
and  myopia,  and  they  are  associated  with  gout,  malarial 
fever,  influenza,  anaemia,  and  menstrual  troubles. 

The  prognosis  is  favourable  in  the  early  stages  of 
syphilis,  and  in  some  cases  of  haemorrhage.  The  progress 
is  often  slow,  and  sometimes  the  opacities  are  permanent. 

The  treatment  varies  with  the  cause ;  mercury  and 
iodide  of  potassium  are  perhaps  the  most  useful  drugs. 
The  local  treatment  is  rest  for  the  eyes  and  the  use  of 
tinted  glasses. 

Kaemorrhag'es  in  the  vitreous. — The  symptoms 
are  the  same  as  those  of  vitreous  opacities,  but  when  the 
whole  vitreous  is  suffused  with  blood  the  blindness  may 
be  nearly  complete.  The  signs  are  presence  of  vitreous 
opacities  ;  the  haemorrhage  can  sometimes  be  seen  of  a 
red  colour  by  the  ophthalmoscope  and  by  oblique  illumi- 
nation, but  occasionally  no  red  reflex  can  be  seen,  the 
pupillary  area  appearing  black.  They  may  persist  for 
some  months,  but  generally  become  absorbed.  In  old 
people  they  follow  any  severe  effort  or  strain,  and  are 
associated  with  gout  and  diabetes.  There  is  a  class  of 
cases  occurring  in  young  adults  (females  or  weakly  males) 
in  which  the  bleeding  is  profuse,  and  tends  to  recur. 

Other  causes  are  diminution  of  intra-ocular  tension, 
a  blow  on  the  eye,  or  they  may  follow  an  operation,  as  for 
cataract. 

The  blood  generally  comes  from  the  choroidal  vessels, 
and,  except  in  traumatic  cases,  the  exciting  cause  is  a 
strain,  as  cough,  constipation,  &c. 

The  treatment  is  absolute  rest  with  the  eyes  bandaged, 
and  avoidance  of  strain  or  stooping.  Iced  compresses 
may  be  used,  and  the  general  health,  especially  the  heart 
and  kidneys,  must  be  carefully  investigated. 

New  blood  vessels  are  occasionally  found  in  the 
vitreous,  proceeding  from  the  retinal  vessels.  They  pro- 
bably follow  a  haemorrhage  into  the  deeper  parts  of  the 
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vitreous,  to  which  new  vessels  proceed,  and  as  these  grow 
forwards  they  become  very  convoluted,  and  often  have 
the  appearance  of  a  tassel;  parallactic  movement  is  gene- 
rally present.  In  many  cases  there  is  a  history  of  syphilis. 

New  connective  tissue,  frequently  accompanied  by 
blood  vessels,  and  protruding  into  the  vitreous,  is  also 
met  with  near  the  disc ;  the  condition  described  as 
retinitis  proliferans  probably  belongs  to  this  class  of  cases. 

Cords  of  fibrous  tissue  may  be  seen 
passing  across  the  vitreous  in  cases  of 
detachment  of  the  retina,  of  which  prob- 
ably they  are  the  active  cause. 

Suppuration  in  the  vitreous  is 
characterised  by  the  presence  of  a  yellow- 
ish mass,  which  may  be  mistaken  for 
glioma,  and  is  known  as  pseudo-glioma. 
It  is  frequently  the  result  of  a  perforat- 
ing wound  of  the  eye,  especially  if  com- 
plicated by  a  foreign  body  in  the  vitreous, 
but  may  occur  in  young  children  from 
choroidal  inflammation  (p.  147)  due  to 
tubercle  or  syphilis.  It  is  frequently 
followed  by  panophthalmitis  and  shrink- 
ing of  the  eyeball. 

Detachment  of  the  vitreous  occurs 
in  cases  of  high  myopia  from  the  effect  of 
a  blow,  but  there  are  no  certain  methods 
of  diagnosis.  Fig.  66  — Elec- 

A  dislocated  lens  or  a  cysticercus  tko-Magnet 
are  occasionally  seen  in  the  vitreous. 

Foreig-n  bodies. — If  a  piece  of  metal  or  glass  per- 
forate the  cornea  or  sclerotic  with  great  force,  it  may  pass 
into  the  vitreous.  When  the  eye  is  examined  by  the 
ophthalmoscope  soon  after  the  injury  the  foreign  body 
may  be  seen  lying,  as  a  rule,  in  the  lower  part  of 
the  vitreous  chamber,  but  frequently  the  presence  of 
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haemorrhage  or  an  opaque  lens  prevents  it  from  being 
seen. 

In  some  cases,  the  foreign  body  becomes  encysted, 
and  may  remain  for  years  without  giving  rise  to  irrita- 
tion. As  a  rule,  if  not  removed  it  produces  inflammatory 
symptoms,  as  choroiditis,  uveitis,  panophthalmitis,  and 
even  sympathetic  ophthalmitis. 

Treatment. — If  the  foreign  body  be  iron  or  steel,  it  may 
be  removed  by  the  electromagnet  (fig.  66).  The  terminal 
of  the  magnet  is  passed  through  the  wound  in  the  sclerotic, 
or  through  a  meridional  incision  in  that  structure  made 
by  a  keratome,  and  is  moved  about  gently  in  the  vitreous 
until  the  foreign  body  adheres  to  the  magnet,  and  is 
withdrawn.  The  conjunctiva  should  be  stitched  over  the 
wound,  and  in  some  cases  the  sclerotic  should  also  be 
sutured. 

If  the  magnet  cannot  be  employed,  a  pair  of  forceps 
may  be  used  to  extract  the  foreign  body.  The  ophthal- 
moscope is  of  great  assistance  in  enabUng  the  surgeon  to 
observe  the  steps  of  the  operation. 
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CHAPTEE  XVII 

GLAUCOMA 

GLAUCOMA  (yAavKos,  sea-green)  is  one  of  the  most 
important  diseases  of  the  eye,  owing  to  its  serious  natm^e, 
the  difficulty  experienced  in  its  treatment,  and  the  certain 
result  of  complete  blindness  if  left  untreated. 

The  chief  characteristic  is  the  increase  of  intra-ocular 
tension  at  some  period  in  its  course,  and  this  in  common 
with  the  other  symptoms  is  as  a  rule  intermittent. 

Glaucoma  may  be  divided  into  primary,  consisting  of 
those  cases  in  which  no  previous  disease  of  the  eye  can 
be  found  as  a  cause  ;  and  secondary,  those  resulting  from 
some  other  ocular  disease  or  injury. 

It  is  essentially  a  disease  of  late  middle  life,  and  is 
rarely  seen  before  the  age  of  forty-five,  except  in  the 
secondary  form. 

Primary  g-laucoma. — Thei-e  are  two  well-marked 
classes  :  congestive  or  inflammatory,  which  may  be  acute 
or  chronic,  and  in  which  there  are  distinct  vascular 
changes  ;  and  simple,  in  which  all  such  signs  are  absent. 

Most  of  the  following  signs  and  symptoms  are  found 
during  the  progress  of  a  case  of  primary  glaucoma,  and 
these  are  generally  ushered  in  by  premonitory  symptoms, 
which  may  last  for  some  months  or  years  before  the  actual 
attack. 

Premonitory  symptoms  consist  of  ■—Rapidly  increasing 
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presbyopia,  which  necessitates  very  frequent  change  of 
glasses  for  reading. 

Obsc  urations  of  vision,  during  which  everything  appears 
as  in  a  yellowish  fog. 

Bainboio  colours  seen  at  times  as  circular  rings  round 
candles  and  lamps.  The  rings  are  generally  two  broad 
bands,  the  one  next  the  light  being  bluish  green  and  the 
external  one  red ;  frequently  there  is  reduplication  of  the 
rings,  fpur  being  visible. 

The  appearance  of  these  coloured  rings  is  not  confined 
to  cases  of  glaucoma,  as  they  are  found  in  patients  suffer- 
ing from  conjunctival  discharge,  and  also  in  normal  eyes 
if  the  pupils  are  dilated.  The  glaucomatous  rings,  how- 
ever, are  much  more  vivid,  and  patients  often  complain 
of  being  blinded  by  them.  They  are  produced  by  changes 
in  the  cornea,  probably  of  an  oedematous  nature. 

These  symptoms  are  accompanied  at  times  by  in- 
creased intra-ocular  tension  and  diminution  of  the  acuity 
of  vision  for  distance,  and  are  chiefly  found  when  the 
patient  is  over-tired,  or  suffering  from  want  of  food  or 
sleep.  They  last  generally  only  a  short  time,  being  relieved 
by  rest,  w^armth  and  proper  nourishment,  and  the. eye  for 
a  time  becomes  normal,  but  they  retm^n  at  intervals,  during 
even  a  year  or  two,  imtil  some  day  an  acute  attack  of 
glaucoma  supervenes. 

Either  with  or  without  marked  premonitory  symptoms, 
the  eye  passes  into  a  glaucomatous  state. 

Symptoms  and  sig-ns  of  g-laucoma. — Diminution 
of  acuity  of  vision  for  distance. 

Bapidly  increasing  presbyopia,  necessitating  too  fre- 
quent change  of  glasses  for  reading,  from  paresis  of  the 
ciliary  muscle  owing  to  pressure  on  its  nerves,  and  perhaps 
to  stretching  of  the  choroid. 

Contraction  of  the  field  of  vision  is  probably  the  first 
symptom,  and  may  occur  before  there  is  any  alteration 
in  distant  vision.    It  is  therefore  most  important  that  the 
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field  (fig.  67)  should  be  taken  in  every  case  of  suspected 
glaucoma.  It  is  contracted  at  first  on  the  nasal  side, 
sometimes  a  considerable  sector  being  absent ;  the  tendency 
is  for  it  to  become  more  contracted  at  the  periphery,  and 
the  fixation  point  may  even  be  reached  at  the  nasal 
side.  The  field  for  colours  is,  as  a  rule,  concentrically 
contracted. 

Diminution  of  light  sense  is  generally  to  be  found, 
though  central  colour  vision  may  be  normal. 


D 


Fig.  67.— Eight  Visual  Field  in  Case  of  Simple  Glaucoma, 

SHOWING    CONTEACTION,    MOST  MAEKED  AT  NaSAL  SiDE.  ■  The 

Dotted  Line  shows  the  furthee  Conteaction  a  Month 
AFTER  the  First  Field,  indicated  by  the  Black  Line,  was 

TAKEN  ' 

Sensation  of  bright  lights  (photopsia)  is  frequently 
complained  of,  and  is  due  to  irritation  of  the  retina  by  the 
increased  tension  and  vascular  change. 

Pain  is  present  at  some  time  during  an  attack,  either 
in  the  eye  or  as  acute  neuralgia  along  the  distribution 
of  the  fifth  nerve,  especially  the  supra-orbital  and  nasal 
branches  of  the  ophthalmic  division.  There  is  also 
frequently  tenderness  about  the  supra-orbital  notch. 

s 
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Increase  of  intra-ocular  tension  is  invarialjly  pvcsent, 
though  in  some  cases  it  is  transitoiy  and  intei'mittent 
and  hence  difficult  to  find  ;  it  is  frequently  present  during 
sleep.  The  method  of  estimating  intra-ocular  tension 
is  by  palpating  the  eyeball  through  the  closed  lids  by 
both  index  fingers,  as  already  described  on  p.  5.  Any 
degree  of  increased  tension  (+1,  +  2,  +3)  may  be 
present  in  glaucoma,  and  the  higher  the  amount  the  more 
severe  the  case.  As  a  rule,  in  acute  congestive  glaucoma 
the  tension  is  highest  (  +  2,4-3)  ;  in  the  chronic  forms  it 
may  be  scarcely  raised  at  all  or  +1. 

The  cupping  of  the  opitic  disc  (Plate  IV.  a)  varies  greatly 
in  degree,  and  is  produced  by  the  optic  papilla,  with  the 
lamina  cribrosa  and  the  retinal  vessels,  being  pushed  back- 
wards (fig.  10,  C),  owing  to  the  increased  intra-ocular  pres- 
sure, and  partly  perhaps  to  atrophy.  The  cupping  tends 
to  involve  the  whole  surface  of  the  disc,  and  the  retinal 
vessels  appear  to  come  from  the  periphery  instead  of  from 
near  the  centre.  The  scleral  ring  is  often  underminad,  the 
vessels  being  seen  to  cu.rl  round  and  disappear  at  its  edge. 
The  floor  of  the  cup  is  white,  with  sometimes  a  green  or 
blue  tinge.  The  disc  is  surrounded  by  a  white  or  pale 
yellow  ring  resulting  from  atrophy  of  the  choroid. 

The  cup  can  be  best  examined  by  the  direct  ophthal- 
moscopic method,  and  parallactic  movements  are  seen  on 
moving  the  mirror.  Its  depth  may  be  estimated  by  ob- 
serving the  difference  between  the  lens  necessary  to  see 
distinctly  a  vessel  at  the  margin  of  the  disc  and  one  at 
the  base  of  the  excavation,  and  is  generally  at  least  six 
dioptres,  which  correspond  to  2  mm.  of  cupping  (3  dioptres 
equal  1  mm.)  By  the  indirect  method  the  parallax  is 
also  easily  obtained  on  moving  the  objective  lens  from 
side  to  side  or  from  above  downwards. 

Obstruction  of  the  retinal  circulation  is  shown  by 
pulsation  along  the  coiirse  of  the  retinal  arteries  starting 
from  the  disc,  and  engorgement  of  the  veins.  Pulsation 
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in  the  veins  is  geuei'ally  present,  but  this  sign  is  in  no 
way  distinctive,  as  it  so  often  exists  in  the  normal  eye. 

Dilatation  of  the  pupil  is  a  constant  sign,  the  shape 
being  frequently  oval.  At  first  the  pupillary  reflexes  are 
normal,  but  as  the  disease  advances  the  pupil  becomes 
still  more  dilated,  the  reflexes  much  lessened  and  at  last 
absent. 

The  pupil  often  presents  a  greenish  appearance,  which 
is  due  to  the  reflection  of  too  much  light  from  the  lens, 
and  also  to  the  turbidity  of  the  aqueous  and  haziness  of 
the  cornea. 

Steaminess  of  the  cornea  is  most  marked  near  its 
centre,  and  the  whole  cornea  may  present  a  roughened 
and  pitted  appearance. 

Anesthesia  of  the  cornea  to  a  greater  or  less  extent  is 
generally  found,  from  the  oedema  of  the  cornea  compress- 
ing the  endings  of  the  nerves. 

External  vascular  changes  are  seen,  as  congestion  and 
dilatation  of  the  episcleral  vessels,  produced  partly  from 
obstruction  of  the  vense  vorticosEe. 

Shalloiv  anterior  chamber  from  pressing  forwards  of 
the  iris  and  lens  is  a  valuable  sign,  but  occasionally,  as  in 
the  young,  the  chamber  may  be  deep. 

Acute  cong-estive  g-laucoma  is  characterised  by 
the  severity  and  suddenness  of  the  onset. 

The  patient  has  usually  suffered  from  the  charac- 
teristic prodromata,  rapidly  increasing  presbyopia,  obscura- 
tions and  fogginess  of  vision,  and  rainbow  halos,  for  some 
time.  Suddenly,  he  is  seized  with  great  pain  in  the  eye 
accompanied  by  severe  neuralgia  and  vomiting.  This 
frequently  occurs  during  the  night,  and  has  been  mistaken 
for  a  bilious  attack. 

Syinpiovis.-Theve  is  severe  pain  in  the  orbit  and 
eye,  radiatmg  along  all  the  nerves  in  the  neighbourhood 
and  often  affecting  the  whole  side  of  the  head  ;  the  vision 
IS  greatly  reduced,  even  to  loss  of  perception  of  light. 
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Signs. — The  eyelids  are  swollen  and  red;  the  con- 
junctival and  episcleral  vessels  are  much  congested; 
photophobia  and  lachrymation  are  present,  and  the  con- 
junctivae are  chemosed. 

Steaminess  of  the  cornea  prevents,  as  a  rule,  any  clear 
view  of  the  fundus  being  obtained ;  even  the  red  reflex 
being  rendered  dark  grey. 

The  anterior  chamber  is  shallow;  the  pupil  widely 
dilated,  not  quite  circular,  and  acting  very  slightly,  or  not 
at  all,  to  the  reflexes. 

If  the  fundus  can  be  observed  by  the  ophthalmoscope 
there  will  be  marked  pulsation  of  the  retinal  arteries  and 
great  engorgement  of  the  retinal  veins  ;  the  optic  disc  is, 
as  a  rule,  not  cu]pped  in  a  first  attack  of  acute  glaucoma 
unless  there  has  been  a  previous  glaucomatous  condition. 
The  tension  is  much  increased,  and  may  be  +  3.  Such 
an  attack,  unless  there  have  been  several  previous  ones, 
will  pass  off  after  a  few  days,  but  is  generally  followed 
by  others  at  intervals. 

A  first  attack  of  acute  glaucoma  rarely  destroys  per- 
manently the  vision,  which  gradually  returns ;  there  is 
generally  a  partial  loss  of  the  field  of  vision,  especially 
at  the  nasal  side.  After  two  or  three  attacks,  the  eye  may 
remain  in  a  chronic  state  of  glaucoma,  but  in  some  cases 
it  passes  into  the  state  of  glaucoma  absolutum. 

Glaucoma  absolutum  is  the  name  given  to  the  condition 
of  the  eye  when  it  is  in  a  permanent  state  of  glaucoma, 
the  tension  being  much  raised,  the  vision  reduced  to  '  no 
perception  of  Hght,'  and,  as  a  rule,  the  eye  itself  being 
excessively  painful.  The  eye  has  a  blind  appearance,  the 
episcleral  and  perforating  vessels  are  markedly  enlarged  ; 
the  sclerotic  is  discoloured  and  at  times  bulging ;  the  cornea 
is  auEEsthetic,  hazy,  and  its  anterior  epithelium  roughened  ; 
the  anterior  chamber  is  shallow  ;  the  ins  discoloured  ;  the 
pupil  widely  dilated,  fixed,  and  of  a  greenish  hue ;  the 
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lens  hazy  and  sometimes  opaque.  With  the  ophthahno- 
scope,  the  red  reflex  appears  dulled,  and  no  details  are  to  be 
made  out  in  the  fundus.  There  are  generally  intra-ocular 
haemorrhages,  especially  in  the  retina,  and  the  optic  nerve 
will  be  found  to  be  deeply  cupped.  In  many  cases,  after 
a  time,  the  cornea  becomes  ulcerated  and  staphylomatous ; 
if  perforation  occurs,  the  eye  may  pass  into  a  state  of 
panophthalmitis,  and  in  all  cases  becomes  atrophied. 

Chronic  cong-estive  g-laucoma  may  follow  the 
acute  form,  but  generally  occurs  without  any  acute 
symptoms.  Its  course  is  gradual,  and  interrupted  by 
attacks  of  greater  severity,  which  may  sometimes,  though 
rarely,  assume  the  acute  form.  Both  eyes  are  as  a  rule 
affected,  but  one  usually  before  the  other. 

The  symptovis  are  dull  peri -orbital  pain,  neuralgia 
along  the  supra-orbital  and  nasal  nerves,  and  headache. 
The  patient  complains  of  a  heaviness  and  feeling  of  ten- 
sion in  the  eyes.  Obscuration  of  vision  at  times,  rapidly 
increasing  presbyopia  and  loss  of  vision,  rainbow  halos 
round  lights,  and  contraction  of  the  field  of  vision,  are 
usual  accompaniments. 

Signs. — Except  in  the  sub-acute  attack,  there  is  no 
marked  congestion  of  the  lids  or  conjunctiva.  The 
perforating  vessels  are,  as  a  rule,  tortuous  and  dilated; 
the  sclerotic  has  a  dull  look  ;  the  cornea  is  opalescent 
and  steamy  looking,  with  the  epithelium  roughened  and 
pitted,  in  places  it  is  anaesthetic ;  the  anterior  chamber 
is  shallow ;  the  iris  after  a  time  is  atrophied ;  the  pupil 
is  dilated  and  frequently  of  different  size  to  its  fellow. 
With  the  ophthalmoscope,  unless  the  cornea  or  lens  be 
non-transparent,  the  fundus  shows  marked  glaucomatous 
cupping  of  the  optic  papilla.  There  is  usually  arterial 
pulsation,  and  in  cases  in  which  it  is  not  spontaneously 
present,  it  can  be  elicited  by  pressing  gently  on  the  eyeball. 
The  intra-ocular  tension  may  remain  raised  (about  +  1), 
ut  more  often  is  found  to  be  normal. 
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Simple  g-laucoma  includes  those  cases  in  which  the 
disease  often  progresses  in  an  insidious  manner  without 
pain  or  evidence  of  congestion.  With  the  naked  eye,  no 
signs  of  the  disease  can  he  seen  with  the  exception  of  shght 
undue  tortuosity  of  the  perforating  vessels.  The  cornea 
may  present  a  normal  appearance,  though  perhaps  with 
diminished  sensibility.  The  anterior  chamber  may  be 
slightly  shallower  than  usual,  and  the  pupils  sluggish 
and  dilated,  one  often  larger  than  the  other.  The  most 
important  sign,  and  frequently  the  only  one,  is  the  deep 
excavation  of  the  optic  discs,  which  are,  as  a  rule,  white 
and  atrophied-looking. 

Increase  of  tension  is  present  only  at  intervals,  and  is 
therefore  difficult  to  detect. 

The  symptoms  are  gradual  diminution  of  central  vision, 
and,  at  the  same  time,  contraction  of  the  field  of  vision, 
especially  at  the  nasal  side. 

The  disease  attacks  both  eyes,  and  progresses  gradually 
to  absolute  blindness. 

Etiology. — Primary  glaucoma  has  been  aptly  com- 
pared by  Critchett  to  a  hernia,  which  may  last  for  months 
or  years  without  producing  any  great  discomfort  or  serious 
symptoms,  and  which  may  suddenly  become  strangulated. 
In  glaucoma,  as  in  strangulated  hernia,  there  are  structural 
and  other  predisposing  causes  for  the  attack.  The  exciting 
cause  is  usually  obstruction  to  the  circulation,  and  any 
inflammation  is  generally  secondary  to  this  congestion. 

In  the  normal  eye  there  is  a  mean  kept  up  between 
the  secretion  and  excretion  of  the  fluids.  The  tension 
in  the  aqueous  and  vitreous  chambers  is  always  equal,  as 
they  are  only  separated  by  a  movable  curtain  formed  by 
the  lens,  ciHary  processes,  and  suspensory  ligament ;  this 
last  being  porous  allows  the  free  transmission  of  the  fluids. 

Any  loss  of  balance  between  secretion  and  excretion 
will  cause  either  an  excess  or  a  diminution  in  the  amount 
of  fluid  contained  in  the  eye.  ■ 
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Glaucoma  is  associated  with  an  increase  of  intra- 
ocular tension,  due  in  primary  glaucoma  to  an  excess  of 
fluid  in  the  eye,  and  this  must  be  produced  by  hyper- 
secretion, diminished  excretion,  or  a  combination  of  both. 

The  great  difficulty  in  determining  the  initial  changes 
in  glaucoma,  proceeds  from  the  fact  that  eyes  are  never 
excised  until  the  disease  has  lasted  some  time ;  hence  it 
is  almost  impossible  to  distinguish  which  are  the  primary 
and  which  the  secondary  pathological  changes. 

The  two  chief  theories  for  the  production  of  glaucoma 
are  : — (1)  that  it  is  due  in  the  beginning  to  inflammatory 
changes;  and  (2)  that  the  onset  is  purely  mechanical 
and  produced  by  pressure,  any  inflammatory  changes  being 
secondary. 

As  glaucoma  exists  in  such  different  forms,  and  is 
rather  a  collection  of  symptoms  than  a  single  definite 
disease,  it  is  impossible  for  one  theory  to  explain  every 
case,  and  there  is  no  doubt  that  both  these  theories  are  in 
part  true. 

The  only  way  to  try  to  elucidate  the  causation  is  to 
consider  how  the  most  usual  accompaniments  of  the 
glaucomatous  condition  could  be  produced.  These  include 
increase  of  intra-ocular  tension,  shallow  anterior  chamber, 
and  advance  of  the  lens  and  iris. 

The  subject  must  be  considered  first  from  a  physio- 
logical point  of  view,  and  then  by  the  aid  of  any  constant 
pathological  changes. 

The  intra-ocular  fluid  is  secreted  l^y  the  ciliary  pro- 
cesses, and  circulates  in  two  chief  directions  :  (1)  by  the 
posterior  aqueous  chamber,  through  the  pupillary  aperture, 
into  the  anterior  aqueous  chamber,  whence  it  passes  to 
the  iridic  angle,  and  so  to  the  spaces  of  Pontana,  canal  of 
Schlemm,  and  anterior  ciHary  veins;  and  (2)  into  the 
vitreous  chamber,  and  thence  through  the  suspensory 
ligament  of  the  lens  to  the  posterior  aqueous  chamber, 
and  then  by  the  same  course  as  the  former  to  the 
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anterior  ciliary  veins.  A  little  fluid  escapes  from  the 
vitreous  chamber  by  the  hyaloid  canal  communicating 
with  the  optic  nerve,  and  also  along  the  venae  vorticosae. 

By  this,  it  will  be  seen  that  the  main  outlet  for  the 
fluids  from  the  eye  is  at  the  iridic  or  filtration  angle, 
which  in  the  normal  eye  (fig.  68)  is  bounded  in  front 
by  the  sclero-corneal  junction,  containing  the  canal  of 
Schlemm  and  the  tendon  of  the  ciliary  muscle,  and  behind 
by  the  base  of  the  iris  lying  in  front  of  ■  the  ciliary  processes ; 


Fig.  68.— Nobmal     Fig.  69.— Iridic  Angle     Fig.  70.— Ieidic  An 
Imdic  Angle  in    Acute    Peimaby       gle    in  Chbonic 

Glaucoma  {after  Pbimaby  Glaucoma 
Priestley  Smith) 

the  apex  of  the  angle  is  blunt,  and  is  more  Uke  a  recess 
extending  into  the  cihary  body. 

The  only  constant  pathological  change  found  in  nearly 
all  cases  of  glaucoma  is  the  obliteration  of  the  iridic 
angle,  as  in  figs.  69,  70,  by  the  application  or  adhesion  of 
the  base  of  the  iris  to  the  posterior  surface  of  the  cornea 
near  the  sclero-corneal  junction. 

There  are  two  theories  as  to  the  cause  of  the  obhtera- 
tion  of  this  angle,  the  first  being  that  it  is  produced 
mechanically  by  the  pushing  forward  of  the  ciliary  pro- 
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cesses,  lens  and  iris,  by  pressure  from  behind ;  and  the 
second,  that  glaucoma  is  always  preceded  by  catarrhal 
inflammation  of  the  uveal  tract  near  the  iridic  angle, 
especially  the  ciliary  portion,  and  that  the  swollen  ciliary 
processes  push  the  iris  base  towards  the  cornea,  and  the 
increased  vascularity  of  the  ciliary  processes  at  the  same 
time  produces  hyper- secretion. 

Prom  these  considerations,  the  fact  of  the  iridic  angle 
being  the  main  outlet  of  the  intra-ocular  fluids,  and  at  the 
same  time  being  found  obstructed  in  pathological  examina- 
tion, leads  to  the  suspicion  that  the  causation  of  glaucoma 
is  intimately  connected  with  the  excretory  function  of 
the  eye. 

The  generally  received  theory  now  for  the  production 
of  glaucoma  is  that  obstruction  occurs  in  the  course  of 
the  circulation  of  the  intra-ocular  fluids,  owing  to  which 
the  secretion  taking  place  from  the  ciliary  processes  is 
retained  in  the  eyeball  (retention  theory),  instead  of 
circulating,  as  in  the  normal  eye. 

Hyper-secretion  alone  cannot  explain  the  signs  usually 
found  in  glaucoma,  even  when  combined  with  the 
addition  of  excretory  obstruction  at  the  iridic  angle.  The 
balance  of  pressure  between  the  vitreous  and  aqueous 
chambers  being  still  preserved,  the  shallow  anterior 
chamber  found  in  glaucoma,  from  pushing  forward  of  the 
lens  and  iris,  remains  unaccounted  for.  These  signs 
must  be  due  to  some  further  obstruction  occurring  in 
the  channels  of  communication  between  the  vitreous  and 
aqueous  chambers. 

The  obstruction  at  the  iridic  angle  could  explain  the 
increase  of  intra-ocvilar  tension  if  there  were  hyper- 
secretion from  the  ciliary  processes,  or  even  normal 
secretion  for  a  time,  but  it  would  not  explain  the  advance 
of  the  iris  and  lens. 

The  aqueous  chambers  are  separated  from  the  vitreous 
chamber  by  a  curtain  composed  of  the  ciliary  processes. 
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suspensory  ligament  and  the  lens  in  its  capsule,  and, 
as  has  been  said  before,  the  intimate  connection  of  the 
chambers  thi'ough  the  suspensory  ligament  prevents  any 
difference  of  tension  being  sustained  in  either  chamber. 
Priestley  Smith  ^  has  brought  forward  a  very  convincing 
theory  that  the  factor  most  likely  to  produce  glaucoma 
is  obstruction  of  the  circumlental  space,  and  that  when 
this  space  is  closed,  the  secretion  of  fluid  into  the  vitreous, 
being  unable  to  pass  into  the  anterior  chamber,  distends 
the  vitreous  chamber  and  pushes  forward  the  curtain 
composed  of  the  lens,  suspensory  ligament,  and  ciliary 
processes,  and  the  iris,  and  by  this  means  produces  appli- 
cation of  the  iris  to  the  cornea  and  obliteration  of  the 
iridic  angle.    He  gives  the  growth  of  the  lens  as  the  chief 
agent  in  the  obliteration  of  the  circumlental  space.  The 
lens  grows  throughout  life  by  additions  to  its  exterior 
within  the   capsule,  hence  the  circumlental  space  is 
encroached  upon  with  age,  and  this  may  account  for 
glaucoma  being,  as  a  rule,  a  disease  of  advanced  life. 
Glaucoma  is  generally  accompanied  by  congestion  sym- 
ptoms, and  the  engorgement  of  the  ciHary  processes 
would  help  to  further  obstruct  the  circulation. 

The  more  frequent  occurrence  of  the  disease  in 
hypermetropic  and  small  ill-developed  eyes  can  be  ex- 
plained by  this  theory,  as  the  cu-cumlental  space  is  smaller 
in  such  eyes,  whereas  the  lens  is  the  same  size  as  in  a 
larger  eye.  Small  size  of  the  cornea  is  an  external  sign 
of  an  eye  with  small  circumlental  space. 

Increased  serosity  of  the  fluids  may  give  rise  to 
obstruction  at  the  iridic  angle,  and  probably  inflammation 
or  even  congestion  of  the  cihary  glands  would  cause  an 
increase  of  density  in  the  ordinary  watery  secretion  of 
the  ciliary  processes.  This  alteration  in  character  of  the 
fluid  secreted  from  these  processes  is  shown  by  the 
'  The  Pathology  and  Treatment  of  Glaucoma.  J.  and  A. 
Churchill. 
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albuminous  state  of  the  contents  of  the  anterior  chamber 
found  immediately  on  reformation  of  the  chamber  after 
paracentesis. 

This  albuminous  fluid  would  not  circulate  so  well 
through  the  meshes  of  the  suspensory  ligament,  and  these 
would  also  tend  to  be  closed  by  the  cUbris  of  cells  thrown 
off  by  the  ciliary  glands  when  in  increased  action. 

Pathological  'anatomy. — The  changes  found  are  very 
variable  and  difficult  to  determine,  owing  to  the  fact  that 
eyes  are  not  excised  till  some  time  after  the  early  sym- 
ptoms have  set  in,  and  degenerative  changes  have  taken 
place. 

There  are  always  signs  of  inflammation  in  the  iris 
and  cihary  body,  and  the  blood-vessels  are  much  dilated  ; 
in  acute  cases  the  ciliary  processes  are  enlarged  (fig.  69), 
but  in  chronic  cases  they  are  atrophied  (fig.  70). 

The  peripheral  portion  of  the  iris  is  generally  adherent 
to  the  posterior  surface  of  the  cornea,  thus  obliterating 
the  iridic  angle  (figs.  69,  70).  In  the  early  stages  there  is 
thickening  of  the  iris,  which  is  succeeded  by  marked 
atrophy. 

The  sclerotic  is  more  resistant ;  the  corneal  tissue  is 
infiltrated  with  small  cells,  and  its  spaces  enlarged. 

The  optic  nerve  is,  as  a  rule,  cupped,  and  there  is 
increase  of  connective  tissue  with  atrophy  and  degenera- 
tion of  the  nerve  fibres. 

The  changes  in  the  retina,  choroid,  &c.,  are  very 
variable,  and  not  pathognomic. 

CaiLsation. — Erom  these  considerations  it  is  evident 
that  there  are  certain  predisposing  factors  in  the  produc- 
tion of  an  attack  of  glaucoma.  These  include  structural 
peculiarities,  as  small  size  of  eye  ;  increase  in  size  of  lens, 
especially  associated  with  age  ;  refraction  error,  as  hyper- 
metropia,  inducing  congestion  of  the  ciliary  processes 
owing  to  exaggerated  use  of  the  ciliary  muscle  ;  anterior 
position  of  the  ciliary  body ;  small  size  of  cornea;  and 
rigid  sclerotic. 
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The  age  of  the  patient  is  another  predisposing  cause, 
glaucoma  being  i-arely  met  with  under  fifty  years  of  age, 
after  wlaich  tlie  sclerotic  becomes  firmer,  the  vessels  more 
easily  congested,  and  the  lens  more  bulky. 

Heredity  plays  an  important  part,  and  the  disease  is 
said  to  be  more  common  among  Jews  than  any  other 
race.  Sex  has  little  influence  on  it,  but  females  seem  to 
be  more  liable  to  the  congestive,  and  males  to  the  simple 
form. 

The  exciting  causes  are  numerous,  and  include  any 
sudden  upset  to  the  general  system,  especially  congestion 
and  flushing  of  the  capillaries  of  the  head  and  face ;  thus, 
violent  anger,  intense  excitement,  stooping  over  work, 
strain  as  constipation  or  coughing,  may  induce  an  attack. 
Other  causes  are  exposure  to  cold,  starvation,  sleepless- 
ness, worry,  fatigue ;  it  frequently  occurs  in  patients  who 
are  the  subjects  of  gout,  the  uric  acid  diathesis,  heart 
disease,  and  pulmonary  complaints.  Glaucoma  has  been 
produced  by  the  dilatation  of  the  pupil  following  the 
administration  of  atropine,  homatropine,  cocaine,  and 
other  mydriatics.  It  is  important  in  a  case  of  glaucoma, 
to  examine  for  any  of  these  causes,  as  on  their  removal 
or  treatment,  a  slight  attack  may  be  warded  off. 

Diagnosis.— Gsises  of  congestive  glaucoma  have  been 
frequently  mistaken  for  conjunctivitis  and  iritis,  and  the 
treatment,  generally  by  atropine,  has  induced  acute  glau- 
coma. The  greenish  pupillary  reflex  has  been  diagnosed 
as  cataract  and  the  symptoms  left  unreheved. 

In  simple  glaucoma  the  diagnosis  at  times  is  difficult, 
and  can  often  only  be  arrived  at  by  taking  into  considera- 
tion all  the  symptoms  and  signs. 

The  glaucomatous  cup  may  be  confounded  with  physio- 
logical and  atrophic  excavations  (p.  26) ;  but  the  loss  of 
central  vision,  and  limitation  of  the  field  of  vision  especially 
at  the  nasal  side,  would  distinguish  it  from  physiological 
cupping. 
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The  ophthalmoscopic  signs  generally  can  distinp;uish  it 
from  atrophic  cupping,  and  in  the  latter  the  field  of  vision 
is  contracted  equally  and  scotomata  are  generally  present. 

The  prognosis,  as  far  as  vision  is  concerned,  is  bad  in  all 
cases  in  which  the  acuity  of  vision  is  much  impaired,  and  it 
deteriorates  if  the  disease  is  not  treated,  either  gradually 
or  quickly,  and  ends  in  absolute  blindness.  The  fatal 
course  may  occupy  any  length  of  time,  from  a  fev^  minutes 
in  acute  glaucoma  to  several  years  in  the  chronic  form. 

In  absolute  glaucoma,  there  are  degenerative  changes 
in  the  eye  which  may  give  rise  to  destruction  of  the  organ, 
but  in  ordinary  cases  the  appearance  of  the  eye  is  little 
aifected  except  by  change  in  the  colour  of  the  iris  due  to 
atrophy,  dilatation  of  the  pupil,  and  haziness  of  the  lens. 

The  treatment  of  primary  glaucoma  may  be  divided 
into  the  operative  and  non-operative. 

Operative  treatment. — Iridectomy,  which  was  first 
adopted  by  von  Graefe  in  the  treatment  of  glaucoma,  is 
the  most  important  of  the  operations,  and  is  described 
on  p.  121. 

The  chief  points  to  be  observed  and  practised  in  order 
to  secure  good  results  from  an  iridectomy  are  the  following  : 
the  portion  of  iris  taken  away  should  be  at  least  one-fifth 
of  the  whole,  and  the  removal  should  be  up  to  the  ciliary 
attachment ;  the  incision  should  be  in  its  whole  course 
in  the  sclerotic  about  1-5  mm.  from  the  apparent  corneal 
margin,  and  may  be  effected  with  a  broad  keratome  or  a 
Graefe's  knife. 

The  chief  difficulty  in  operating  is  mainly  due  to 
the  shallowness  of  the  anterior  chamber,  and  this  may  be 
lessened  by  puncturing  the  sclerotic  posteriorly  some  hours 
before  performing  the  iridectomy. 

There  is  generally  considerable  haBmorrhage  from  the 
iris  into  the  anterior  chamber,  and  it  is  important  not  to 
apply  much  pressure  by  the  curette  in  trying  to  get  rid  of 
the  blood,  lest  the  lens  be  made  cataractous.    Care  must 
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be  taken  that  the  edges  of  the  cut  iris  are  not  entangled  in 
the  wound. 

The  after  treatment  consists  of  firm  bandaging  for  at 
least  forty-eight  hours. 

In  many  cases  the  anterior  chamber  is  not  reformed 
for  a  week.  If  the  eye  is  not  securely  bandaged  till  the 
anterior  chamber  is  formed,  a  cystoid  cicatrix  may  be  pro- 
duced, generally  due  to  a  piece  of  iris  being  caught  at  one 
extremity  of  the  wound.  Such  cicatrix  affords  a  good 
filtration  medium,  and  is  therefore  aimed  at  by  some 
operators. 

The  exact  means  by  which  iridectomy  gives  relief  in 
glaucoma  are  not  fully  understood.  It  is  most  successful 
in  acute  glaucoma,  and  in  cases  when  the  iris  is  not 
atrophied.  It  certainly,  as  a  rule,  reduces  the  intra- 
ocular tension  better,  and  for  a  longer  period,  than  mere 
section  of  the  cornea  or  sclerotic.  It  was  at  first  taught 
that  the  formation  of  a  scar  near  the  iridic  angle  promoted 
filtration,  hence  the  name  filtration  scar.  The  formation 
of  scar  tissue  in  other  parts  of  the  body  certainly  nega- 
tives this  assumption,  as  from  contraction  the  tissue  would 
be  rendered  more  impervious  to  fluids  than  before.  We 
therefore  have  to  fall  back  on  the  probability  that  the  im- 
provement in  tension  is  brought  about  by  the  changes  of 
vascularity  produced  by  the  removal  of  a  portion  of  the 
iris. 

Iridectomy  is  most  successful  in  reUeving  symptoms 
and  improving  vision  in  cases  of  acute  congestive  glau- 
coma. In  chronic  congestive  glaucoma,  its  effect  in  some 
cases  is  very  beneficial,  but  it  rarely  does  more  than  pre- 
serve the  vision  for  a  time.  Its  efficacy  may  be  gauged 
by  its  power  of  reducing  the  tension,  as  if  this  is  not 
relieved  by  the  operation,  the  prognosis  is  very  unfavour- 
able. In  simple  glaucoma,  iridectomy  only  stays  for  a 
time  the  inevitable  result ;  sometimes,  the  field  of  vision 
may  be  slightly  increased  after  the  operation,  but  the 
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distant  vision  is  generally  rendered  less  good  fi'om  the 
optical  defect  of  the  colohoma. 

My  own  opinion  in  chronic  glaucoma  is  that  an 
iridectomy  should  be  performed  as  soon  as  possible  after 
the  disease  is  recognised.  The  earlier  it  is  done,  the  more 
chance  there  is  for  the  non-formation  of  a  vicious  circle. 
I  think  that  an  operation  is  rarely  justified  before  the 
vision  is  appreciably  reduced,  say  |  partly,  or  ^,  or  the  field 
is  markedly  cm-tailed,  but  once  these  signs  are  present  the 
sooner  the  operation  is  performed  the  better.  The  effect  of 
the  operation  is  generally  to  reduce  distant  vision  from  the 
optical  defects  of  the  colohoma,  but  this'is  compensated  for 
by  the  chance  of  warding  off  for  a  longer  time  the  ultimate 
loss  of  useful  vision.  As  glaucoma  is  a  disease  intimately 
connected  and  associated  with  nervous  irritability,  the 
moral  effect  of  the  operation  in  many  cases  gives  the 
patient  hope,  and  in  this  way  aids  the  treatment. 

In  haemorrhagic  glaucoma,  mdectomy  is  contra- 
indicated  owing  to  the  danger  of  increased  hemorrhage 
from  the  reduction  of  the  intra-ocular  tension. 

Sclerotouiy.— 'This  operation  (see  p.  103)  was  intro- 
duced to  take  the  place  of  iridectomy,  but  is  now  seldom 
practised  except  in  cases  in  which  tension  has  occurred 
after  mdectomy,  or  where  iridectomy  is  contra-indicated 
as  in  haemorrhagic  glaucoma.  The  chief  objection  to  the 
operation  is  the  difficulty  experienced  in  preventing  the 
iris  from  prolapsing  through  the  wound. 

In  glaucoma  absolutum,  and  other  cases  in  which  the 
tension  cannot  be  kept  down,  multiple  puncHires  of  the 
sclerotic  reheve  the  pain.  The  best  treatment  in  glaucoma 
absolutum  is  undoubtedly  to  remove  the  eye. 

Non-operative  treatment. — The  local  treatment  is 
directed  to  removing  the  iris  from  the  iridic  angle  by 
contraction  of  the  pupil.  The  drugs  employed  are  eserine 
and  pilocarpine;  of  these,  eserine  (F.  13,  14)  has  the 
stronger  action  and  is  generally  prescribed  as  the  salicylate 
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or  sulphate,  in  strength  from  one  to  two  grains  to  the 
ounce.  In  acute  glaucoma,  the  drops  should  be  employed 
every  two  hours,  but  in  the  chronic  forms,  twice  a  day  is 
generally  sufficient.  As  the  tension  generally  rises  more 
at  night,  it  is  important  that  the  drops  should  be  applied 
on  the  patient  going  to  bed.  Eserine  has  no  curative  effect 
unless  the  pupil  reacts  well  to  it,  and  this  is  a  means  of 
demonstrating  whether  the  iris  tissue  is  atrophied  or  not. 
The  drug  may  be  employed  for  a  long  time  without  any  ill 
effects  if  the  solution  be  used  fresh,  but  there  is  a  tendency 
to  the  production  of  conjunctival  irritation  amounting 
almost  to  a  granular  condition  of  the  lower  hd. 

These  objections  are  not  met  with  in  the  use  of  pilo- 
carpine (F.  15,  16),  but  the  miotic  effects  of  the  drug  are 
not  so  great  or  so  lasting. 

Hypermetropic  patients  should  always  wear  correcting 
glasses  to  avoid  any  congestion  of  the  cihary  processes 
by  overstrain  of  accommodation.  Presbyopes  also  should 
never  read  or  do  close  work  without  their  glasses. 

The  general  treatment  in  glaucoma  is  all-important, 
and  in  many  cases  rest  in  bed,  warmth,  and  a  brisk  pm'ge, 
followed  by  generous  diet,  reheve  the  symptoms  m  a 
few  hours. 

If  the  patient  suffers  from  insomnia,  sleep  must  be 
induced  by  morphia  or  other  hypnotic.  Many  cases  are 
of  the  urid  acid  diathesis  or  have  a  gouty  history. 

Secondary  glaucoma  comprises  those  cases  of 
increased  intra-ocular  tension  in  which  this  sign  follows 
some  other  ocular  disease.  Increased  intra-ocular  tension 
is  the  chief  indication ;  the  other  symptoms  and  signs 
found  in  primary  glaucoma  are  not  always  present 
being  frequently  masked  by  the  effects  of  the  origmal 

disease.  ^  , 

It  may  follow  perforating  ulcer  of  the  cornea  with  pio- 
lapse  of  the  iris,  uveitis,  cychtis,  iritis,  total  posterior 
synechia,  complete  or  partial  dislocation  of  the  lens  and 


GLAUCOMA 


273 


swelling  of  the  lens  due  to  rupture  of  its  capsule.  The 
operations  producing  it  are  those  of  extraction  of  cataract, 
needling  for  soft  cataract  and  laceration  of  secondary 
capsule.  Foreign  bodies  in  the  eye  and  intra-ocular 
sarcoma  may  also  be  causes.  In  old  people  with  high 
arterial  tension  a  form  attended  by  retinal  haemorrhages 
is  met  with  (licBviorrhagic  glaucoma). 

The  treatment  depends  on  the  primary  disease. 
Oong-enital  g-laucoma  (Buphthalmos  :  /3o{!s,  a  bull, 
ocfidaXfxo's,  eye)  is  a  condition  met  with  at  birth,  in  which 
the  eye  is  enlarged  greatly  in  all  its  dimensions.  Its 
progress  is  very  slow,  and  its  termination  as  a  rule  is 
complete  blindness.  The  bulging  of  the  eye  leaves  it 
sometimes  partially  uncovered  by  the  lids.  The  cornea 
is  enlarged,  cloudy,  more  bulging  than  normally,  the 
sclerotic  stretched  and  of  a  bluish  colour,  owing  to  the 
uveal  pigment  showing  through  it.  The  anterior  chamber 
is  deep,  the  iris  tremulous  and  much  atrophied,  and 
the  pupil  dilated.  The  intra-ocular  tension  is  raised,  and 
if  a  view  of  the  disc  can  be  obtained,  it  is  found  to  be 
deeply  cupped. 

Occasionally  the  course  of  the  disease  may  be  stopped, 
but  as  a  rule  it  progresses. 

The  iridic  angle  is  blocked  by  the  base  of  the  iris 
adhering  to  the  cornea.  From  birth  there  is  increased 
intra-ocular  tension,  which  distends  the  thin  protective 
coats,  and  so  produces  the  deformity.  The  prognosis  is 
bad  as  far  as  vision  is  concerned.  The  disease  resists 
all  treatment,  and  is  probably  best  left  alone.  Some 
cases  have  been  relieved  by  iridectomy,  sclerotomy, 
puncture  of  the  sclerotic,  or  repeated  paracenteses  of  the 
anterior  chamber.  Bserine  and  pilocarpine  may  be  em- 
ployed as  palliative  measures. 
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CHAPTEE  XVIII 

DISEASES  OP  THE  LACHRYMAL  APPARATUS 

Anatomy. — The  lachrymal  apparatus  comprises  the 
lachrymal  gland  with  its  ducts  situated  at  the  upper  and 
outer  angle  of  the  orbit,  and  the  drainage  system  placed 
at  the  inner  canthus,  consisting  of  the  canaUculi,  lachrymal 
sac  and  nasal  duct. 

Its  function  is  to  keep  the  eye  moist  by  secretion  of 
tears  by  the  gland,  and  to  convey  them  by  means  of  the 
canahcuh  and  nasal  duct  to  the  inferior  meatus  of  the 
nose. 

The  lachrymal  gland  is  a  racemose  gland  resembhng 
the  parotid,  and  is  divided  into  two  parts  by  a  process  of 
fascia.  The  superior  portion  is  lodged  in  a  depression  of 
the  frontal  bone,  and  the  inferior  (accessory)  hes  close  to 
the  fornix  of  the  conjunctiva,  and  can  be  seen  on  everting 
and  raising  up  the  upper  hd.  The  ducts  are  about  twelve 
in  number,  and  pass  through  the  accessory  gland  to  open 
separately  in  a  row  at  the  fornix. 

The^  gland  secretes  the  tears,  and  this  secretion  is 
chiefly  reflex,  as  is  seen  by  stimulating  the  conjunctiva, 
cornea,  tongue,  or  nose ;  the  main  efferent  nerve  is  the 
lachrymal  branch  of  the  ophthalmic  division  of  the  fifth 
nerve. 

Drainage  system— There  are  two  lachrymal  canahcuh 
on  each  side,  one  in  the  upper  and  one  in  the  lower  hd, 
and  each  has  at  its  commencement  a  minute  aperture,  the 
punctum  lachrymale,  situated  on  the  conjunctival  margin 


DISEASES  OF  THE  LACHRYMAL  APPARATUS  275 

of  the  lid  near  the  inner  angle.  The  superior  canaliculus 
ascends  from  the  punctum,  and  then  makes  a  sudden 
bend  downwards  and  inwards  to  join  the  lachrymal  sac ; 
the  inferior  at  first  descends,  and  then  runs  inwards  to 
open  into  the  sac  by  a  separate  orifice  close  to  that  of 
the  superior. 

The  lachrymal  sac  and  nasal  duct  together  form  the 
passage  by  which  the  tears  reach  the  nose.  The  sac  is 
the  dilated  upper  bhnd  end  of  the  duct,  and  is  placed  near 
the  inner  canthus,  behind  and  above  the  tendo  palpebra- 
rum. The  nasal  duct  descends  from  the  sac  downwards, 
backwards,  and  outwards  in  an  osseous  canal  formed  by 
the  superior  maxilla,  lachrymal,  and  lower  turbinate  bones, 
and  opens  into  the  inferior  meatus  of  the  nose.  The 
mucous  membrane  is  lined  by  cihated  epithelium  continu- 
ous with  the  nasal  mucous  membrane,  and  is  thrown  into 
folds  or  valves. 

The  actual  method  by  which  the  tears  pass  into  the 
di-ainage  system  is  not  knovni,  but  the  caruncle  probably 
acts  as  a  kind  of  sponge,  and  the  involuntary  lid  wink 
by  the  contraction  of  some  muscular  fibres  near  the 
canaliculus  produces  a  suction  action. 

DISEASES  OF  THE  LACHRYMAL  GLAND.— Inflamma- 
tion of  the  lachrymal  g-land  {Dacryo-cystitis)  is  a 
rare  affection  which  may  be  acute  or  chronic,  and  occa- 
sionally bilateral.  It  is  characterised  by  a  lobulated, 
firmly  fixed  sweUing  in  the  position  of  the  lachrymal 
gland,  limitation  of  the  ocular  movements  upwards  and 
outwards,  and  generally  proptosis.  In  an  acute  case  there 
is  severe  throbbing  pain  and  marked  tenderness  over  the 
swelling,  with  oedema  of  both  lids,  most  marked  at  the 
outer  part  of  the  upper  hd,  and  chemosis  and  congestion 
of  the  conjunctiva.  It  may  terminate  in  suppuration  or 
resolution.  The  treatment  consists,  in  the  acute  form,  of 
hot  fomentations,  leeching,  and  a  free  incision  if  pus  is 
suspected.    The  chronic  form  may  be  treated  by  local 
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application   of   mercurial  ointment,  and  by  iodide  of 
potassium  and  mercury  given  internally. 

Fistula  of  the  lachrymal  gland  is  a  very  rare  con- 
dition, and  may  follow  injury  or  abscess.  A  small  orifice 
is  seen  on  the  outer  part  of  the  hd,  discharging  a  clear 
watery  fluid  (tears).  The  treatment  consists  of  the  appH- 
cation  of  the  galvano-cautery. 

Cystic  dilatation  of  a  duct  of  the  gland  is  met  with 
as  a  transparent  swelhng  projecting  into  the  upper  and 
outer  part  of  the  conjunctival  sac.  The  treatment  con- 
sists of  incision  or  removal  of  part  of  the  wall  of  the  cyst. 

Tumours  may  be  either  innocent  (adenoma  or 
osteoma)  or  malignant  (sarcoma  or  carcinoma) .  A  tumour 
of  the  gland  may  be  diagnosed  by  its  position,  lobulated 
feeling,  and  firm  attachment  to  the  orbit,  and  should 
always  be  removed. 

Removal  of  the  lachrymal  g-land  is  necessary 
sometimes  for  tumours  or  for  profuse  lachrymation,  when 
other  treatment  is  unavailing.  Under  a  general  anaes- 
thetic, an  incision  is  made  with  a  small  scalpel  through 
the  skin  over  the  outer  half  of  the  orbit,  parallel  with  its 
superior  margin  and  just  below  the  eyebrow.  The  fascia  is 
next  divided,  and  then  the  fibres  of  the  orbicularis  down 
to  the  periosteum  ;  on  now  dividing  the  palpebral  hga- 
meut  the  gland  is  seen,  and  should  be  seized  with  a  pair 
of  toothed  forceps,  di-awn  forwards,  and  dissected  out. 
The  skin  is  afterwards  stitched  up. 

In  cases  where  the  operation  is  done  for  increased 
lachrymation  the  accessory  portion  of  the  gland  need 
only  be  removed,  and  this  is  easily  done  from  the  con- 
junctival surface. 

AFFECTIONS  OF  THE  DRAINAGE  SYSTEM  are  mamly 
those  of  obstruction  or  interference  with  the  passage  of 
tears,  and  may  be  divided  into  those  of  the  puncta, 
canahcuh,  lachrymal  sac,  and  nasal  duct. 

By  epiphora  (cTrtc^opa,  sudden  burst  of  tears),  or  watery 
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eye,  is  understood  the  overflowing  of  the  tears  associated 
with  these  affections,  and  it  is  convenient  and  usual  to 
apply  the  term  lachrymation  to  the  increased  flow  of  tears 
present  in  inflammation  of  the  conjunctiva,  &c. 

Epiphora  is  not,  as  a  rule,  caused  by  undue  secretion 
of  tears,  but  by  some  imperfection  of  the  drainage  system 
by  which  the  outflow  is  retarded.  The  tears,  being  unable 
to  escape,  accumulate  at  the  inner  angle  of  the  eye,  and 
run  over  the  lid  margin  down  the  cheek.  Patients 
suffering  from  it  generally  have  a .  tear  standing  in  the 
eye.  It  is  always  increased  on  cold,  windy  days,  and  is 
generally  unilateral  unless  there  be  disease  of  the  bones 
of  the  nose,  when  it  may  be  bilateral. 

The  jjunchom  may  be  misplaced  by  e version  or  inversion 
of  the  hd,  or  it  may  be  obstructed  or  even  closed  as  a 
result  of  inflammation,  such  as  ciliary  blepharitis,  styes, 
&c.,  or  by  an  eyelash.  In  elderly  people  it  is  frequently 
everted  from  want  of  tone  of  the  tissues  of  the  Hd,  and 
such  displacement  is  found  in  ectropion  and  paralysis  of 
the  orbicularis  palpebrarum  muscle. 

A  canaliculus,  generally  the  lower,  may  be  obstructed 
by  concretions  or  foreign  bodies  such  as  eyelashes,  or 
stenosed  from  inflammation,  wounds  or  burns.  The 
common  situation  for  a  stricture  of  the  canaliculus  is  at 
its  opening  into  the  lachrymal  sac. 

Occasionally  there  may  be  a  congenital  absence  of  the 
canaliculi  and  puncta,  or  reduplication  of  both. 

Treatment. — When  a  punctum  or  canaliculus  is  ob- 
structed by  an  eyelash  or  concretion,  the  foreign  body  may 
be  removed  with  a  small  pair  of  forceps.  If  the  punctum 
is  very  small  it  may  be  dilated  by  the  wire  gauge  (fig.  71) 
or  a  small  probe  (fig.  72),  or  by  electrolysis,  and  faihng 
these  methods  it  must  be  slit  up  together  with  the  canali- 
culus. In  the  case  of  a  misplaced  punctum,  if  the  general 
condition  of  the  lid  cannot  be  improved,  the  canaliculus 
iiuist  be  slit  up. 
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In  stricture  or  obstruction  of  the  canahcuhis,  a  small 
probe  should,  if  possible,  be  passed  as  far  as  the  sac,  and 

by  this  means  the  trouble 
may  sometimes  be  cured 
at  one  sitting.  Electro- 
lysis •  is  often  very  useful 
in  these  cases,  as  is  also 
syringing  the  passages 
with  a  solution  of  boracic 
acid.  In  most  cases,  how- 
ever, the  canaliculus  has 
ultimately  to  be  slit  up. 
The  obstruction  may  be 
due  to  an  enlarged  ear- 
uncle,  which  should  then 
be  cut  oif  with  a  pair  of 
scissors. 

The    operation  of 
slitting-  up  the  lower 
canaliculus. — The  in- 
struments   required  are 
a     probe-pointed  knife 
(Weber's)  (fig.  73),  small 
fixation  forceps  and  scis- 
sors.   The  operation  may 
be  done  without  an  anes- 
thetic, but  cocaine  is  gene- 
rally used  by  injections 
through    the  punctum. 
The  patient  is  either  sit- 
ting up  in  a  chair  or  lying 
down,  and  the  operator, 
standing     behind  him, 
draws  the  lower  hd  downwards  and  outwards  with  a 
finger,  so  as  to  expose  the  punctum.    If  the  punctum  be 
•  Brit.  Med.  Joum.  1887,  ii.  p.  1371. 


Fig.  71. 
Wire  Gauge 


Fig.  72. — Small 
Lachbtmal  Peobes 
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very  small,  it  must  first  be  dilated  by  small  probes  or  a 
wire  gauge  until  the  probe  point  of  the  knife  can  be  intro- 
duced. The  canaliculus  knife  is  passed  vertically  into 
the  punctum,  and  the  handle  being  turned  and  lowered, 
the  knife  is  passed  horizontally,  with 
its  cutting  edge  upwards,  along  the 
canaliculus  until  its  point  is  felt  to 
touch  the  mucous  membrane  lining 
the  inner  wall  of  the  lachrymal  sac. 
The  knife  is  then  raised  forwards  and 
upwards,  and  its  handle  describes  an 
arc  of  90°  when  it  becomes  parallel 
with  ■  the  nose ;  by  this  means  the 
canaliculus  is  laid  open  as  far  as  its 
entrance  into  the  lachrymal  sac.  Any 
blood  being  sponged  away,  the  mucous 
membrane  at  the  inner  and  posterior 
border  of  the  conjunctival  incision  is 
seized  with  a  pair  of  forceps,  and  a 
small  piece  of  it  cut  off  so  as  to  pre- 
vent the  wound  healing  too  soon. 
The  upper  canaliculus  is  not  so  often 
operated  on,  though  it  is  more  easily 
divided. 

Inflammation  of  the  lachry- 
mal sac  is  frequently  met  with,  and  is  generally  the  result 
of  catarrhal  inflammation  of  the  mucous  membrane  extend- 
ing from  the  nose.  It  may  be  chronic  or  acute  and  is  ac- 
companied by  epiphora.  In  the  chronic  form,  the  patient 
rarely  complains  of  anything  but  watering  of  the  eye  and 
a  httle  thickened  discharge  from  it  at  times.  Fulness  is 
generally  to  be  seen  above  the  internal  tarsal  hgament, 
and  on  pressure  over  the  sac,  some  viscid  fluid,  consisting  of 
mucus  or  muco-pus,  can  be  squeezed  out  through  the  puncta. 
In  other  cases,  a  distinct  rounded,  soft  and  elastic  swellin 


Fig.  73. — Canaliculus 
Knife 


about  the  size  of  a  pea,  can  be  seen  in  the  region  of  the 
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lachrymal  sac.  This  swelling,  which  is  the  distended  sac, 
is  known  as  a  mucocele,  and  its  contents  can  by  pressure  be 
evacuated  through  the  puncta,  though  it  soon  fills  again. 
As  a  rule,  the  contents  of  the  sac  after  a  time  become 
purulent  by  the  introduction  of  micro-organisms,  and  a 
lachrymal  abscess  results.  It  may  be  caused  by  a  catar- 
rhal swelling  of  the  mucous  membrane  of  the  nasal  duct, 
preventing  the  discharge  of  tears,  or  by  a  stricture  of  the 
nasal  duct. 

The  treatment  may  consist  in  dilating  the  canaliculus 
by  probes,  slitting  up  the  canahculus,  syringing  the  sac 
and  duct  with  antiseptic  lotions,  or,  if  a  stricture  of  the 
sac  be  present,  dilating  it  by  probes  or  introducing  a 
style. 

Acute  inflammation  of  the  lachrymal  sac  (acute 
dacryocystitis)  is  the  form  which  gives  rise  to  lachrymal 
abscess.  In  almost  all  cases  there  has  been  some 
previous  trouble  of  the  lachrymal  passages  accompanied 
by  epiphora.  Suddenly  the  region  of  the  sac  becomes 
painful,  exceedingly  tender  to  touch,  swollen,  and  the  skin 
over  it  shining  red,  and  oedematous ;  this  redness  and 
swelling  spread  to  the  lids,  cheek,  and  side  of  the  nose  ; 
the  caruncle  and  conjunctiva  are  generally  congested. 
The  swelling  over  the  sac,  which  is  somewhat  pear- 
shaped  with  the  stalk  end  at  the  inner  canthus,  increases 
in  size,  stretching  the  skin  over  it,  which  as  a  rule  bursts 
and  discharges  pus.  The  wound  tends  to  become  fistulous, 
and  the  edges  of  it  to  ulcerate,  and  in  such  cases  the  fistula 
may  remain  for  some  weeks  or  months,  but  eventually 
tends  to  heal  up.  The  abscess  recurs  if  the  cause  be  not 
properly  treated. 

Chronic  inflammation  of  the  lachrymal  sac  generally 
precedes  the  acute  form,  and  the  exciting  cause  is 
entrance  of  micro-organisms  into  the  lachrymal  sac. 

The  disease  may  be  mistaken  for  erysipelas,  but  the 
onset  of  the  latter  is  always  accompanied  by  severe  consti- 
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tutional  symptoms,  such  as  vomiting,  rigor,  headache,  and. 
high  temperatm-e  104°  to  105°,  and  its  rash  has  a  raised 
and  well-defined  spreading  mar- 
gin. 

Treatment. — Locally,  hot  fo- 
mentations of  boracic  acid  or 
boro-glyceride ;  as  soon  as  pus 
is  known  to  be  present,  a  vertical 
incision  through  the  skin  should 
be  made  into  the  sac.  Occasion- 
ally the  abscess  may  be  evacua- 
ted by  slitting  up  a  canaliculus. 
After  the  sinus  has  healed,  and 
the  surrounding  inflammation 
subsided,  probes  should  be 
passed,  or  the  canaliculus  slit 
up,  in  order  to  treat  the  stricture 
or  other  cause  of  the  abscess. 
The  general  treatment  at  first 
should  be  by  a  brisk  purge. 

Probes  of  different  sizes  and 
kinds  are  used  for  passing  down 
the  nasal  duct.  The  bulbous 
probes  (fig.  74)  are  a  very  con- 
venient form,  but  should  not  be 
grooved  as  they  are  then  difficult 
to  keep  clean.  They  are  num- 
bered from  1  to  8,  but  it  is 
rarely  advisable  or  necessary  to 
use  a  larger  size  than  No.  4. 

To  pass  a  probe  down 
the  nasal  duct. — The  opera- 
tion is  a  painful  one,  and  cocaine 
should  be  always  used,  by  injec- 
tion along  the  canaliculus.  The  operator,  standing  behind 
the  patient,  should  hold  the  probe  between  his  finger  and 
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thumb,  and  introduce  it  into  the  punctum.  The  lower 
Hd  being  pulled  downwards  and  outwards,  the  handle  of 
the  probe  should  be  depressed,  and  its  end  passed  along 
the  canaliculus  till  the  point  is  felt  to  touch  the  mucous 
membrane  of  the  inner  surface  of  the  lachrymal  sac.  The 
end  being  kept  in  contact  with  the  inner  wall  of  the  sac, 
the  probe  is  raised  till  it  becomes  parallel  to  the  nose, 
when  its  end- should  be  over  the  entrance  to  the  nasal 
duct.  With  gentle  force  the  probe  should  be  pressed 
downwards  and  slightly  backwards  and  outwards,  when 
it  should  glide  easily  into  the  nasal  duct.  As  a  rule,  the 
simple  passage  of  a  probe  should  not  be  attended  by 
ha3morrhage.  The  duct  may  be  dilated  either  gradually, 
a  larger  probe  being  passed  at  each  sitting,  or  rapidly  by 
passing  probes  of  increasing  sizes  at  one  operation. 

Obstruction  of  the  nasal  duct  may  occur  anywhere  in 
its  course,  but  usually  at  the  upper  part.  The  symptoms 
are  very  variable,  and  comprise  epiphora  and  usually  an 
external  swelling  (mucocele  or  lachrymal  abscess)  over 
the  lachrymal  sac.    The-  puncta  and  canahcuh  may  be 

normal,  and  the  position  of  the  stric- 
ture is  diagnosed  by  passing  a  probe. 

The  duct  may  be  obstructed  by 
changes  in  its  mucous  membrane 
owing  to  the  spread  of  catarrhal  in- 
flammation from  the  nose,  or,  more 
rarely,  from  the  conjunctiva  ;  by  perio- 
steal changes  in  s^qahilitic  or  strumous 
subjects  ;  by  pressure  from  tumours  ; 
or  by  injury  to  the  nasal  bones. 

The  treatment  consists  of  dilata- 
tion by  means  of  probes,  with  or  without  previous  division 
of  ihe  canahculus.  In  obstinate  cases  a  style  (fig.  75)  may 
be  inserted  in  the  duct  and  left  there  for  a  week  or  longer. 
Syringing  the  duct  with  boracic  acid  and  electrolysis  are 
useful  in  some  cases.    In  very  obstinate  cases,  after  the 


Fig.  75.— LACHR-srsiAL 
Style 
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caiialiculus  has  iDeen  slit  up,  a  small  stout  kuife  may  be 
passed  down  the  duct  through  the  stricture,  which  is 
then  divided,  and  large  probes  passed  down  a  few  days 
afterwards. 

Occasionally  a  fistula  forms  which  is  very  difficult 
to  heal,  and  the  best  treatment  is  to  use  the  actual  or 
galvano-cautery  to  its  edges  and  to  the  walls  of  the  sinus, 
or  in  some  cases  to  pare  the  edges  and  bring  them  together. 
After  such  operations  the  canaliculi  and  nasal  duct  must 
be  kept  patent  by  probing  or  by  a  style. 

OhliUration  of  the  lachrymal  sac  is  occasionally  called 
for  as  a  last  resource  in  cases  of  fistula  accompanying  dis- 
ease of  the  bone  and  constant  dischai'ge.  This  is  effected  by 
laying  the  sac  freely  open  and  applying  the  actual  cautery 
or  caustics  to  the  wall  of  the  sac,  or  l^y  dissecting  it  out. 
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CHAPTEE  XIX 

DISEASES  OF  THE  EYELIDS 


Anatomy  and  physiolog-y.— The  eyelids  are  deve- 
loped from  two  folds  of  skin,  which  have  become  modi- 
fied for  the  protection  of  the  eyeball,  and  contain  muscular 
fibres  for  their  movement,  plates  of  fibrous  tissue  (tarsi) 
for  the  maintenance  of  their  shape,  and  numerous  glands. 
The  lids  are  elliptical  in  form  and  joined  together  at 
their  outer  and  inner  margins  {canthi,  Kav66<;,  corner  of 
eye) ;  their  free  edges  form  the  boundaries  of  the  palpebral 
fissure,  and  by  their  apposition  convert  the  conjunctiva 
into  a  closed  sac. 

The  margins  of  each  lid  are  bevelled  and  bounded  in 
front  by  a  rotmded  anterior  lip,  from  which  the  lashes 
spring,  and  behind  by  an  angular  posterior  lip,  near  which 
are  the  openings  of  the  Meibomian  glands.  The  area 
between  these  two  lips  is  known  as  the  inter-marginal 
space. 

The  external  surface  of  the  lid  is  composed  of  skm 
which,  except  for  its  dehcate  texture,  is  the  same  as  that 
of  any  other  part  of  the  body. 

The  subcutaneous  tissue,  very  loosely  attached  to  the 
skin,  contains  the  folHcles  and  sebaceous  glands  of  the 
fine  hairs  seen  on  the  exterior  of  the  lid,  and  is  peculiar 
from  having  no  fat  in  its  meshes.  Beneath  this  is  the 
orbicularis  palpebrarum,  a  plane  of  striped  muscular  fibre 
arranged  concentrically  around  the  palpebral  fissure.  It 
forms  a  sphincter  attached  at  the  inner  side  by  the  internal 
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tarsal  ligament  to  the  superior  maxilla,  and  at  the  outer 
side  by  the  weaker  external  tarsal  ligament  to  the  malar 
bone.  Beneath  the  muscle  is  a  layer  of  connective  tissue 
containing  the  folHcles  of  the  lashes  and  the  modified  sweat 
glands  of  Moll. 

The  tarsi,  generally  known  as  the  tarsal  cartilages, 
consist  of  firm  connective  tissue,  and  to  the  one  in  the 
upper  lid  is  attached  the  levator  palpebrae  muscle.  Im- 
bedded in  the  ocular  surface  of  the  tarsi  are  the  Meibomian 
glands,  resembling  in  structure  sebaceous  glands,  and 
closely  adherent  to  the  ocular  surface  of  the  tarsi  is  the 
palpebral  conjunctiva. 

The  orbicularis  muscle  is  supplied  by  the  seventh 
nerve,  and  its  action  is  to  close  the  lids  ;  when  it  is 
paralysed  the  eye  remains  permanently  open  (lagoph- 
thalmos)  and  there  is  no  power  to  close  the  lid. 

The  levator  palpebrcB  is  supplied  by  the  third  nerve, 
and  its  function  is  to  raise  the  tarsal  cartilage,  and  with 
it  the  upper  lid  ;  paralysis  of  the  muscle  is  followed  by 
inability  to  raise  the  lid  (ptosis).  Its  action  is  closely 
associated  with  the  superior  rectus,  and  when  the  eye  is 
raised  the  lid  follows  it. 

The  muscle  of  Midler  is  composed  of  unstriped 
muscular  fibre  and  supplied  by  the  sympathetic  ;  it  opens 
the  lids  slightly,  as  is  seen  in  the  dilatation  of  the 
palpebral  aperture  produced  by  cocaine,  and  when  it  is 
paralysed  the  lids  are  partially  closed. 

The  lids  are  opened  by  the  levator  palpebrae  raising 
the  upper  lid,  aided  by  the  contraction  of  the  muscle  of 
Mliller. 

The  lids  are  closed  by  the  contraction  of  the  orbicularis 
palpebrarum  and  the  relaxation  of  the  levator  palpebree. 
The  closure  of  the  lids  may  occur  voluntarily,  but  as  a 
rule  it  is  reflex,  the  afierent  impulse  being  from  the 
sensory  branches  of  the  fifth  about  the  face  and  eye,  or 
from  light  exciting  the  retina. 
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The  use  of  the  lids  is  to  lubricate  the  eye  by  the 
secretion  of  the  palpebral  conjunctiva  and  the  Meibomian 
glands,  and  to  protect  it  from  injury  and  undue  ex- 
posure. 

The  involuntary  Ud-wink,  which  takes  place  about 
twice  a  minute,  helps  to  direct  the  tears  to  the  puncta 
and  canaliculi,  to  clear  mucus  from  the  surface  of  the 
cornea,  and  to  keep  off  foreign  bodies ;  it  is  reflex  from 
the  fifth  nerve  supplying  the  cornea  and  conjunctiva,  and 
becomes  a  rhythmical  automatic  act. 

CONGENITAL  AFFECTIONS.— Ptosis  is  described  at 
p.  293. 

Coloboma  is  present  occasionally  as  an  irregular 
triangular  cleft  with  the  base  at  the  ciliary  margin,  and 
may  occur  in  the  middle  or  at  the  inner  third  of  either 
lid.  Other  congenital  anomalies,  as  hare-lip,  cleft-palate, 
are  often  associated  with  this  condition. 

Epicanthus,  generally  bilateral,  is  a  fold  of  skin 
extending  from  the  root  of  the  nose  over  the  internal 
canthus,  the  outer  edge  being  concentric  and  free,  and 
the  upper  and  lower  portion  being  lost  in  the  skin  of  the 
lids.  In  a  slight  degree,  it  is  often  seen  in  young  childi-en 
with  a  flattened  bridge  of  the  nose,  and  usually  disappears 
or  becomes  much  better  when  the  bridge  is  developed.  In 
some  cases,  which  are  rare,  it  is  a  serious  deformity,  and 
must  be  operated  on  by  dissecting  up  an  elhptical  piece 
from  the  root  of  the  nose  and  stitching  it  together,  leaving 
a  median  scar. 

INFLAMMATORY  AFFECTIONS  OF  THE  LIDS.— Ciliary 
blepharitis  (tinea  tarsi)  is  the  most  common  inflamma- 
tory condition  of  the  lids  ;  cases  vary  greatly  in  severity, 
but  may  be  divided  into  two  classes,  squamous  and 
ulcerative. 

The  squamous  variety  is  the  more  frequently  met 
with,  and  affects  all  ages  and  ranks  of  life.  It  is 
characterised  by  branny  scales  at  the  bases  of  the  lashes, 
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and  as  a  rule  by  a  reddened  appearance  of  the  margins 
of  the  hds.  In  adults,  it  is  often  present  at  the  canthi, 
especially  the  external,  and  is  then  termed  angular 
blepharitis. 

The  ulcerative  form  occurs  chiefly  in  children,  and 
the  border  of  the  Hd  is  covered  with  yellowish  crusts, 
matting  together  the  eyelashes.  On  washing  away  these 
crusts,  small  ulcers  and  pustules  are  seen  about  the  hair 
follicles,  and  these  readily  bleed.  The  lashes  tend  to 
come  away  with  the  crusts  and  are  broken  and  stunted. 

In  old  and  neglected  cases  the  border  of  the  Hd 
presents  a  red,  glazed  appearance,  hke  raw  beef ;  the  edges 
are  rounded  off  with  a  few  scattered  lashes  or  none  at  all. 
This  condition  is  known  as  lippitudo. 

Ciliary  blepharitis  is  a  very  chronic  disease,  and  is 
frequently  accompanied  by  conjunctivitis.  It  may  give 
rise  to  scarring  of  the  hd  border,  with  eversion  of  the 
puncta  and  epiphora,  and,  in  severe  cases,  to  misplace- 
ment of  the  lashes,  and  even  ectropion  or  entropion. 

Causation.— li  is  most  often  found  associated  with 
refraction  errors,  especially  hypermetropia  and  hyperme- 
tropic astigmatism,  in  lachrymal  troubles,  and  in' chronic 
conjunctivitis.  Children  hving  under  bad  hygienic  and 
dietetic  conditions  are  Hable  to  this  disease,  which  affects 
those  of  tubercular  diathesis,  and  is  also  a  sequela  of 
the  exanthemata,  particularly  measles.  It  is  met  with 
amongst  persons  working  in  an  irritating  atmosphere  and 
in  those  exposed  to  dust  and  wind,  is  prevalent  at  certain 
seasons  of  the  year,  and  is  very  apt  to  recur. 

^  It  must  not  be  diagnosed  from  the  mere  presence  of 
dried  secretion  about  the  lashes  until  conjunctival  and 
lachrymal  affections  have  been  ehminated.  A  history  of 
its  chronic  nature  greatly  helps  the  diagnosis. 

The  2oro(jnosis  in  cases  associated  with  refraction  error 
is  good  if  proper  glasses  are  worn,  but  in  most  other  cases 
it  is  very  difficult  to  effect  a  complete  cure. 
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Treatment. — In  the  squamous  variety  the  scales  must 
be  washed  off  with  an  alkaline  lotion,  as  bicarbonate 
of  soda  (F.  27)  or  borax  (F.  25),  every  morning  and 
evening  with  a  cotton-wool  sponge.  Afterwards,  vaseline 
or  zinc  ointment  should  be  applied  by  the  finger  along 
the  conjunctival  edge  of  the  lower  lid,  so  as  to  prevent 
the  lids  sticking  together  during  sleep.  The  refraction 
must  always  be  tested. 

In  the  ulcerative  form,  after  the  crusts  have  been 
gently  washed  off  with  the  alkaline  lotion,  the  ulcers 
should  he  ^aainted  with  yellow  oxide  of  mercury  ointment 
(F.  40)  or  nitrate  of  silver  solution  (F.  35).  In  acute 
cases  all  the  lashes  may  be  removed  by  forceps  and  the 
raw  surface  painted  with  nitrate  of  silver.  In  the  very 
chronic  form,  with  eversion  of  the  puncta  and  marked 
epiphora,  the  canaliculus  should  be  slit  up. 

A  stye  (hordeolum ;  hordeuyn,  barley)  is  a  limited  acute 
inflammation  of  the  connective  tissue  and  sebaceous  glands 
about  the  folhcle  of  an  eyelash,  and,  like  a  boil,  generally 
ends  in  suppuration.  It  is  marked  by  severe  throbbing 
pain  and  commences  as  a  red  sweUing  at  the  lid  margin, 
accompanied  as  a  rule  by  oedema  of  the  hd  and  chemosis 
of  the  conjunctiva.  When  suppuration  occurs  there  is  a 
yellow  raised  area  at  the  most  prominent  part  of  the 
swelling.  A  stye  situated  near  the  inner  canthus  is  apt 
to  involve  the  punctum  and  set  up  lachrymal  trouble. 
Styes  may  appear  singly  or  in  crops. 

Causation.— They  occm-  at  any  age  in  people  who  are 
out  of  health,  and  are  common  in  young  adults,  in  whom 
they  are  frequently  associated  with  acne  spots,  constipa- 
tion, and  refraction  errors,  as  hypermetropia. 

Treatment.— In  the  earliest  stages  painting  with 
silver  nitrate  or  rubbing  with  mercurial  ointment  may 
check  the  development.  Hot  fomentations  or  compresses 
of  boracic  acid  should  be  used,  and  the  pus  may  be 
evacuated  by  pulling  out  an  eyelash  or  incising  the 
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swelling.  The  general  health  should  be  attended  to,  and 
sulphide  of  calcium  in  half-grain  doses  has  been  much 
recommended ;  any  refraction  error  must  be  corrected  by 
glasses. 

In  erythema  the  lid  is  slightly  swollen,  and  the  colour, 
which  is  bright  red,  disappears  on  pressure.  It  is  un- 
accompanied by  pain  or  constitutional  disturbance,  and 
may  be  treated  by  lead  lotion  (P.  23). 

Erysipelas  is  occasionally  met  with,  and  is  accom- 
panied by  its  usual  symptoms  of  high  temperature, 
shivering,  or  general  constitutional  disturbance.  The  lid 
feels  hot  to  the  touch,  is  rose-red  and  shiny  in  appearance, 
much  swollen,  and  the  skin  often  raised  in  vesicular 
patches.  There  is  inability  to  open  the  hd,  and  the  con- 
junctiva is  congested  and  chemosed.  It  may  end  in 
resolution  or  in  the  formation  of  a  blepharal  abscess. 
Among  the  causes  are  severe  chill,  a  cut  or  injury  to  the 
lid,  or  the  presence  of  pus  in  the  immediate  neighbour- 
hood. The  treatment  is  best  commenced  by  a  brisk  purge 
followed  by  quinine  ;  the  lid  should  be  fomented  with  hot 
boracic  acid  lotion. 

Acute  blepharitis  {/3X€(j)apov,  eyehd),  or  general  in- 
flammation of  the  lid,  is  characterised  by  great  swelling  and 
redness,  mapping  out  the  whole  area  of  the  lids.  It  gene- 
rally tends  to  get  well,  but  sometimes  ends  in  suppuration. 

Blepharal  abscess. —Abscess  of  the  lid  is  accompanied 
by  severe  pain,  and  great  hardness  of  the  palpebral 
tissues  ;  on  suppuration  occurring,  the  whole  hd  becomes  a 
fluctuating  swelling,  which  unless  opened  tends  to  slough. 

The  causes  are  injuries,  erysipelas,  the  exanthemata 
as  measles,  and  purulent  ophthalmia. 

The  treatment  is  by  hot  fomentations,   and  the 
evacuation  of  the  pus,  if  formed. 

CEdema  of  the  lid  may  be  of  idiopathic  origin,  but  is 
generally  only  a  symptom  of  disease  in  some  other 
structure.  It  is  found  in  cases  of  conjunctivitis,  lachrymal 
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abscess,  stye,  inflammatory  affections  of  the  orbit  as 
cellulitis,  periostitis  and  abscess,  and  occasionally  in 
orbital  tumours.  A  common  cause  is  a  bite  of  small  in- 
sects, and  it  is  also  a  symptom  of  nephritis.  It  should  be 
treated  by  a  pressure  bandage  or  by  evaporating  lotions. 

For  inflammations  of  the  conjunctival  surface  of 
the  hds,  as  granular  lids,  &c.,  the  reader  is  referred  to 
Chapter  IV. 

TUMOURS  OF  THE  LIDS.    Infective  inflammatory 

tumours. — Syphilis  is  met  with  as  a  primary  sore 
(chancre)  on  the  skin  or  conjunctival  surface  of  the  lid, 
and  is  always  accompanied  by  enlargement  of  the  pre- 
auricular (parotid)  or  angular  lymphatic  glands.  In  the 
tertiary  stage  it  is  found  as  gummata  and  ulcers.  Tubercle, 
lupus,  and  vaccinia  are  occasionally  seen. 

Innocent  new  growths. — Meibomian  cyst  (chala- 
zion, xa^^o-Ca.  hail)  is  a  chronic  overgrowth  in  connection 
with  a  Meibomian  gland.  It  occurs  as  a;  small  painless 
swelling  adherent  to  the  tarsus,  the  skin  of  the  lid  b:nng 
as  a  rule  freely  movable  over  it,  and  the  size  varying 
from  that  of  a  pea  to  a  hazel  nut. 

The  overlying  skin  is  generally  natural  in  appear- 
ance, but  may  be  a  little  congested ;  on  the  conjunctival 
sm'face  there  is  a  dusky  or  bluish  spot,  due  to  thinning 
from  pressure  of  the  tumour.  If  perforation  has  taken 
place,  there  will  be  a  viscid  discharge,  or  a  button  of 
granulation  tissue  sprouting  from  the  cavity  of  the  tumour. 
These  cysts  may  occm-  singly,  but  usually  more  than  one 
is  found,  and  in  some  cases  there  is  a  succession  of  them 
for  some  years.  They  increase  in  size  very  slowly  and 
without  pain,  and  may  disappear  spontaneously,  or  then- 
contents  undergo  degeneration  or  suppuration. 

Pathology— G\\&\^z\on  originates  from  the  irritation 
due  to  accumulation  of  the  contents  of  the  gland  acini, 
and  when  fully  developed  its  structure  somewhat  resembles 
granulation  tissue.     From  the  breaking  down  of  the 
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central  parts,  the  growth  becomes  cystic  and  filled  with 
soft  gelatinous  substance,  and  unless  the  tumour  has  lasted 
a  long  time  no  definite  capsule  is  found. 

Diagnosis.— k  stye  sometimes  resembles  a  chalazion, 
but  the  acuteness  of  onset  and  great  pain  in  the  former, 
and  the  position  and  adherence  of  the  latter  to  the  tarsal 
cartilage,  are  the  distinguishing  points. 

The  treatment  is  to  let  out  the  contents  freely,  making 
sure  that  none  are  left;  otherwise  the  tumom-  is  very 
liable  to  recur.  This  should  be  done 
by  everting  the  lid,  and  with  a  small 
knife  making  a  horizontal  or  crucial 
incision  through  the  palpebral  con- 
junctiva at  the  point  of  discolouration. 
The  contents  should  be  removed  by  a 
small  spoon  (fig.  76)  or  squeezed  out. 
After  the  operation,  the  cavity  of  the 
cyst  will  fill  with  blood,  and  the  swell- 
ing will  not  disappear  for  a  fortnight 
or  more.  If  the  cyst  be  very  large  it 
may  be  dissected  out  from  the  skin 
surface  of  the  lid. 

Small  concretions  in  the  glands 
are  found  very  frequently,  in  gouty 
persons,  on  the  palpebral  conjunctiva, 
and  are  cheesy  or  calcareous  in  con- 
sistency. They  produce  irritation  of 
the  cornea  and  conjunctiva,  and  should 
be  picked  out  with  a  sharp  needle  or 
point  of  a  knife. 

Molkiscum  contagiosum  is  a  small, 
rounded,  yellowish-white  tumour  oc- 
curring on  the  skin  of  the  lids,  and  varies  in  size  from  a 
minute  spot  to  that  of  a  pea.    There  is  a  depression  at 
the  centre  of  its  superior  surface,  generally  dark  in  colour 
which  is  the  orifice  of  the  hair  follicle. 


Em.  76.  -Meibomian 
Spoon. 
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Molluscum  originates  in  the  sebaceous  glands,  and  the 
contents  are  closely  packed  sebaceous  material. 

The  treatment  is  to  transfix  and  divide  it  with  a  knife, 
and  then  squeeze  out  the  contents  between  the  thumb 
nails. 

Milium  is  a  small  white  elevation  about  the  size  of 
a  pin's  head,  found  on  the  skin  surface  of  the  lids,  and  due 
to  the  accumulation  of  the  contents  of  a  sebaceous  gland. 

Transparent  cysts  are  met  with  in  the  margins  of 
the  lids,  and  should  be  treated  by  snipping  off  a  piece  of 
the  wall  with  a  pair  of  scissors. 

Navi  are  found  as  small  red  specks  or  patches,  or  as 
large  subcutaneous  masses.  Small  ones  are  best  treated 
with  a  red-hot  needle  or  ethylate  of  sodium,  and  the 
larger  ones  by  electrolysis. 

Papillomata  or  warts,  cutaneous  horns,  and  adeno- 
mata also  occur  along  the  margin  of  the  lids,  and  should 
be  removed. 

Blalig-nant  tvLmouTS.^Einthelior)ia  and  sarcoma 
occasionally  occur.  Bodent  ulcer  is  the  most  common, 
and  is  characterised  by  the  slowness  of  its  growth  and 
by  the  lymphatic  glands  not  being  affected  as  a  rule. 
The  disease  is  rarely  seen  under  the  age  of  forty,  and 
commences  as  a  pimple  or  wart,  generally  about  the  inner 
canthus,  being  covered  at  first  by  a.j.-scab,  which  the 
patient  tears  of^  from  time  to  time,  leaving  an  ulcerated 
surface.  The  edges  of  the  ulcer  are  raised,  nodular,  and 
very  hard,  and  occasionally  the  surface  may  heal  up  on 
one  side,  and  increase  in  growth  at  the  other.  In  some 
cases  the  disease  may  remain  superficial  for  years,  but 
in  others  it  progresses  rapidly,  eating  away  the  tissues 
of  the  skin,  muscles,  orbital  bones,  and  even  the  eyeball 

itself.  T  1  • 

The  treatment  is  to  remove  the  growth  and  the  tissues 
around  it,  and  it  is  well  afterwards  to  cauterise  the  wound. 
It  generally  recurs,  and  should  be  removed  over  and  over 
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again,  as  the  removal  gives  the  patient  i-elief,  if  only  for 
a  time. 

AFFECTIONS  OF  THE  MUSCLES.— Ptosis  (Tr/Trretv,  to 
fall),  or  drooping  of  the  eyelid,  is  marked  by  inability  to 
raise  tlie  upper  lid,  and  is  either  congenital  or  acquired. 
Congenital  ptosis  is  not  uncommon,  and  the  subjects  of 
it  have  a  characteristic  way  of  carrying  the  head  thrown 
back,  with  the  eyebrows  much  elevated  from  over-action 
of  the  occipito-frontalis  muscle.  In  many  cases  the 
superior  recti  are  weak,  and  the  backward  position  of  the 
head  is  partly  to  compensate  for  the  impaired  upward 
movement  of  the  eyeball.  It  varies  greatly  in  degree, 
and  is  generally  bi-lateral,  though  one  eye  only  may  be 
affected.  The  causation  is  defect  of  the  levator  palpebrae 
muscle,  and  this  is  often  hereditary. 

Acquired  ptosis  results  from  injury  or  disease.  Trau- 
matic cases  follow  blows  on  the  eye,  and  are  often 
associated  with  mydriasis.  The  other  causes  are  paralysis 
of  the  third,  or  sympathetic,  nerves,  the  result  of  syphilis, 
rheumatism,  or  cold;  spasm  of  the  orbicularis  muscle; 
superabundance  of  loose  skin.  Partial  ptosis  exists  in 
cases  of  old  granular  conjunctivitis  from  thickening  of 
the  lids. 

Treatment. — In  paralytic  cases  constitutional  treat- 
ment is  the  most  important,  and  this  may  be  combined 
with  electrical  stimtilation  and  massage. 

Surgical  treatment. — It  must  aiways  be  borne  in  mind 
when  treating  these  cases  that  too  much  skin  must  not  be 
taken  away,  as  the  eye  would  thereby  be  left  uncovered, 
and  the  patient  in  a  worse  state  than  before.  The  opera- 
tions are  numerous,  and  are  chiefly  directed  to  produce 
shortening  of  the  hd  by  removal  of  the  skin,  or  to  procure 
union  between  the  occipito-frontahs  muscle  and  the  tarsus. 

Bemoval  of  a  piece  of  skin  '  is  best  performed  by  pinch- 


'  Von  Graefe,  Archiv  f.  Ophth.  ix.  2,  57. 
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ing  up  a  portion  of  it  with  a  pair  of  blepharal  forceps 
(fig.  77)  parallel  to  the  lid  border,  and  removing  it  with 
scissors.  The  connective  tissue  and  orbicularis  muscle 
corresponding  with  the  incision  may  then  be  dissected  and 


don  of  the  levator  palpebrae  (Eversbusch). 

The  operation  I  generally  perform,  and  which  has 
given  me  very  good  results,  is  a  subcutaneous  separation 
of  the  skin  of  the  hd  from  the  orbicularis  muscle.  The 
lid  being  held  by  a  pair  of  entropion  forceps  (fig.  80) 
or  stretched  over  a  horn  spatula,  a  Graefe's  knife  with 
its  edge  upwards  is  introduced  through  the  skin  at  the 
outer  side,  as  in  fig.  78.  The  knife  is  passed  beneath 
the  skin  till  its  point  reaches  the  inner  side  of  the  lid, 
and  is  carefully  swept  subcutaneously  round  the  Ud 
above,  freeing  the  skin  from  the  orbicularis  muscle.  It  may 
then  be  made  to  free  the  skin  below  as  far  as  the  margui 
of  the  hd.  A  silk  suture  is  threaded  with  a  needle  at 
either  end.  One  of  the  needles  is  introduced  at  the 
junction  of  the  outer  third  with  the  inner  two-thirds  of 
the  hd,  about  2  mm.  from  the  margin,  and  is  brought 


removed,  and  the  edges 
of  the  wound  brought  to- 
gether by  sutures. 


ni  Hliiil  IB^^u 

Fig.  77. — Blephaeal  Forceps 


Operations  for  increas- 
ing the  action  of  the 
occipito-frontalis  muscle 
on  the  upper  lid  range 
from  subcutaneous  sutm-es 
of  silk  or  wire,  passed  from 
the  tarsal  border  to  above 
the  eyebrow,  to  more  com- 
plicated methods,  such  as 
fastening  a  flap  of  skin 
dissected  from  the  lid  to 
the  forehead  (Panas),  or 
advancement  of  the  ten- 
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out  just  above  the  eyebrow.  The  other  needle  is  intro- 
duced 2  mm.  away  from  the  first,  and  brought  out  above 
and  parallel  with  it.  Another  suture  is  passed  in  the 
same  way  at  the  junction  of  the  inner  third  and  outer 
two-thirds,  and  brought  out  above  the  eyebrow.  The 
sutures  are  then  drawn  as  tight  as  necessary,  their  ends 
tied  over  a  piece  of  indiarubber  tubing,  and  left  thus  for 
some  days. 

Blepharospasm,  or  contraction  of  the  orbicularis 
muscle,  is,  as  a  rule,  involuntary.    It  is  most  often  caused 


Fig.  78. — Ptosis  Opebation 


by  irritation  of  branches  of  the  ophthalmic  division  of  the 
fifth  nerve  in  affections  of  the  cornea,  conjunctiva  or  hds, 
such  as  foreign  bodies,  keratitis,  corneal  ulcers  and  in- 
gi'owing  lashes.  Less  frequently,  it  may  be  produced  by 
decayed  teeth  or  affections  of  the  nose,  and  occasionally  it 
occurs  in  children,  and  even  in  adults,  without  any  apparent 
cause.  If  the  origin  be  due  to  irritation  of  a  nerve, 
pressure  over  this  nerve  will  as  a  rule  elicit  pain,  and  thus 
confirm  the  diagnosis. 
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If  the  result  of  corneal  ulcer  or  other  ocular  affection 
this  must  be  treated,  and  the  spasm  generally  passes  away, 
but  may  last  for  some  time  after  the  exciting  cause  is  cured. 

If  no  ocular  affection  or  other  source  of  irritation  can 
be  found,  the  spasm  may  be  relieved  by  local  applications 
of  cocaine,  hypodermic  injections  of  morphia,  or  as  a  last 
resource,  a  general  anaesthetic  as  chloroform. 

Nerve-stretching,  or  even  section  of  branches  of  the 
fifth  nerve,  are  occasionally  followed  by  good  results. 

Slight  rhythmical  involuntary  contractions  of  portions 
of  the  orbicularis  are  often  complained  of  by  patients 
who  are  out  of  health,  especially  if  suffering  from  digestion 
troubles  or  from  an  error  of  refraction,  usually  hyper- 
metropia.  The  pecuhar  wiigghng  and  jerking  sensation 
is  commonly  known  as  '  live  blood,'  and  must  be  treated 
by  tonics  and  massage  of  the  lid. 

Children  are  often  affected  with  a  great  increase  in 
the  number  and  degree  of  the  involuntary  hd  winks 
(habit  spasm) .  This  is  associated  with  errors  of  refraction, 
general  health,  and  conjunctival  irritation,  and  disappears 
on  removing  the  cause. 

A  more  chronic  form  is  met  with,  generally  in  adults, 
affecting  only  one  eye,  and  consists  of  a  succession  of 
choreic  movements  in  the  orbicularis  palpebrarum,  and 
often  of  the  other  muscles  of  the  same  side  of  the  face. 
The  attack  commences  as  a  mere  Hd  twitch,  which 
gradually  becomes  more  severe,  till  the  eye  may  be  closed 
for  some  seconds.  Errors  of  refraction  or  conjunctival 
troubles  may  be  the  first  cause,  and  the  attacks  are  in- 
creased by  excitement.  This  condition  is  very  intractable 
to  treatment. 

tagophthalmos  (Xayws,  hare),  or  inability  to  close 
the  lids,  generally  results  from  paralysis  of  the  orbicularis 
muscle  following  lesion  of  the  seventh  nerve,  but  may  be 
produced  mechanically  by  exophthalmos. 

In  these  cases  the  danger  to  the  eye  is  from  the  ex- 


DISEASES  OF  TPTE  EYELIDS 


297 


posnre  of  the  cornea  to  the  air  and  to  foreign  bodies, 
arising  from  the  non-closure  of  the  lids  and  the  absence 
of  the  involuntary  lid  wink.  In  paralytic  cases,  the 
treatment  is  constitutional,  with  galvanism  and  massage 
locally.  In  the  non-paralytic  cases,  the  cornea  must  be 
protected  by  bandaging  or  strapping  the  upper  lid  over 
the  eye,  and  in  extreme  cases  the  operation  of  tarsoraphy 
is  indicated. 

The  operation  of  tarsoraphy,  or  artificial  union  of  the 
edges  of  the  lids,  is  done  in  order  to  protect  the  cornea 
in  cases  of  severe  exophthalmos  as  in  Grave's  disease, 
ectropion,  lagophthalmos,  and  in  paralysis  of  the  fifth  nerve. 
It  is  generally  performed  at  the  external  canthus,  but 
sometimes  at  the  middle  or  along  the  whole  margin  of  the 
lid.  The  operation  is  done  by  paring  with  a  small  scalpel 
the  intermarginal  space  of  each  lid,  and  then  uniting  the 
raw  surfaces  by  sutures.  In  some  cases  the  roots  of  the 
lashes  may  be  included  in  the  portion  removed  from 
the  lids. 

Trichiasis  {6pL^,  hair)  is  the  condition  in  which  the 
eyelashes  tend  to  turn  inwards  towards  the  eyeball,  instead 
of  taking  their  normal  outward  sweep.  As  a  rule,  only  a 
few  lashes  are  displaced,  but  sometimes  a  group  or  even 
the  whole  row  may  turn  inwards,  and  in  such  cases 
entropion  is  present.  Distichiasis  (St9,  double  ; 
row)  is  the  term  applied  to  the  presence  of  two  rows  of 
lashes  in  the  lid,  the  outer  growing  forwards,  and  the  inner 
or  posterior  turning  backwards  ;  it  may  arise  from  inflam- 
matory changes  in  the  lid,  or  occasionally  exists  as  a  con- 
genital defect.  The  most  frequent  cause  is  lid  trouble 
from  scarring  of  the  palpebral  conjunctiva,  the  effect  of 
granular  conjunctivitis,  or  its  too  vigorous  treatment  by 
caustics.  It  may  also  result  from  blepharitis  and  burns 
or  operations  on  the  lid. 

Treatment.—l^hen  only  a  few  lashes  are  misplaced 
they  may  be  removed  {epilation  of  the  lashes)  by  cilium 
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forceps  (fig.  79),  and  it  is  important  that  the  lashes  should 
be  seized  near  their  bases  and  drawn  straight  out,  or  they 
will  easily  break  off.  The  ciliary  border  must  be  carefully 
examined  for  the  faulty  lashes,  as  they  are  oftjn  very 
small  and  down-like,  and  a  good  plan  is 
to  use  the  objective  lens  as  a  magnifying 
glass.  The  drawback  to  epilation  is  that 
the  lashes  grow  again  in  a  few  weeks,  and 
therefore  necessitate  frequent  removal. 

A  very  effectual  method  is  by  electro- 
lysis, after  which  the  lashes  do  not,  as 
a  rule,  grow  again.  The  mode  of  pro- 
cedure is  to  attach  a  fine  needle  to  the 
negative  pole  of  a  battery  of  four  or 
five  cells,  and  to  place  the  positive  pole 
on  the  temple  of  the  same  side.  On  now 
closing  the  ckcuit  by  applying  the  needle 
to  the  hair  follicle,  a  few  bubbles  are 
seen  round  the  needle  ;  the  lash  is  easily 
removed  by  forceps,  and  its  follicle  is 
destroyed  by  the  alkali  produced. 

The  operation  is  a  painful  one,  and 
cocaine  should  be  previously  injected 
along  the  ciliary  border  of  the  lid. 

A  method  to  correct  the  faulty  direc- 
tion without  loss  of  the  lashes  is  by 
passing  the  two  ends  of  a  piece  of  horse- 
hair or  fine  silk  through  the  eye  of  a 
small  curved  needle,  thus  making  a  loop. 
The  needle  is  then  passed  through  the 
lid  margin  close  to  the  base  of  the  ill- 
directed  lash,  and  its  point  brought  out 
above  at  the  spot  where  it  is  desired  the  lash  shotild 
grow.  The  loop  is  placed  carefully  round  the  base  of  the 
lash,  and  on  puUing  the  silk  through,  the  lash  will 
follow  and  gain  its  new  position. 


Fig.  79. — Cilium 
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In  some  cases  the  lashes  may  be  excised  by  making 
incisions  with  a  small  scalpel  in  the  intermarginal  space 
on  either  side  of  the  faulty  lashes,  and  dissecting  out  a 
flap  containing  them.  Any  hair-bulbs  left  are  seen  as 
small  black  points  in  the  wound,  and  must  be  pulled 
out  with  forceps.  The  edges  of  the  wound  should  then  be 
stitched  together. 

Other  operations  are  described  under  '  Entropion.' 

Entropion  (ev,  in  ;  TpeVetv,  to  turn),  or  inversion  of 
the  eyelid,  may  affect  either  the  upper  or  lower  lid  or 
both  simultaneously,  and  may  be  complete,  involving  the 
whole  length  of  the  lid,  or  partial.  In  complete  entropion 
the  edges  present  a  rounded  appearance  from  the  rolHng 
in  of  the  lid  and  from  the  change  in  the  normal  direction 
of  the  lashes  ;  trichiasis  is  always  present. 

Entropion  generally  sets  up  much  irritation  of  the 
eye,  and  is  marked  by  lachrymation,  photophobia  and 
blepharospasm.  When  the  condition  has  existed  some 
time,  it  is  complicated  by  superficial  keratitis,  and  in  a 
later  stage  by  pannus. 

The  causes  are  cicatricial,  from  contractions  of  the  con- 
junctival surface  of  the  lid  following  granular,  purulent 
and  membranous  conjunctivitis,  the  abuse  of  caustics 
apphed  to  the  conjunctival  surface  of  the  lid,  essential 
shrinking  of  the  conjunctiva,  and  pemphigus  ;  and  7mis- 
cular  (spasmodic),  from  spasm  of  the  orbicularis.  This 
latter  class  is  often  seen  in  old  people,  and  is  due  to  the 
action  of  the  orbicularis  muscle  on  the  lax  and  atrophied 
hds.  It  is  frequently  met  with  after  operations,  as  cataract, 
in  which  the  eye  has  been  bandaged  for  some  time. 

It  also  occurs  from  want  of  support  after  excision  of 
the  eyeball  or  in  cases  of  atrophied  globe. 

Treatment. — In  spasmodic  cases  in  old  people,  the 
patient  should  be  instructed  to  pull  down  the  lower  hd 
with  his  finger  for  some  minutes  at  a  time,  or  collodion 
may  be  painted  on  the  skin  below  the  hd.  Another  method 
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is  to  cut  a  piece  of  adhesive  plaster,  about  2  inches  long, 
with  its  upper  part  curved  to  correspond  to  the  shape  and 
length  of  the  lid.  The  plaster  is  applied  to  the  skin  just 
below  the  lid  margin.  An  eversion  of  the  ciliary  border 
is  obtained  by  pulling  the  unattached  end  of  the  plaster 
directly  downwards,  and  fixing  it  on  the  skin  of  the  cheek 

as  low  down  as  possible.  By 
this  means,  slight  ectropion 
is  maintained,  and  the  plaster 
may  be  left  on  for  some  days. 
If  these  means  fail,  a  hori- 
zontal fold  of  skin  may  be 
pinched  up  close  to  the  mar- 
gin of  the  lid,  and  silk  sutures 
passed  through  it  from  above 
downwards,  which  are  then 
tied  over  a  roll  of  plaster  or 
rubber  tubing,  and  may  be 
left  in  for  a  week  or  more. 

Canthoplasty  is  some- 
times useful  in  these  cases, 
and  excision  of  a  horizontal 
elliptical  piece  of  skin  below 
the  Hd  often  gives  good  result. 

In  .cicatricial  cases,  chiefly 
affecting  the  upper  hd,  nu- 
merous operations  have  been 
devised,  and  are  best  executed 
by  fixing  the  lid  first  with 
a  pan-  of  entropion  forceps 
(fig.  80)  so  as  to  render  the 
operation  bloodless.  The 
tarsal  plate  may  be  cut  through  with  a  small  scalpel,  l^y  a 
horizontal  incision  through  the  palpebral  conjunctiva  about 
4  mm.  away  from  the  ciliary  margin  (Burow).  In  some 
cases,  a  piece  of  the  tarsal  plate  may  be  excised,  and  if 
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the  result  is  not  satisfactory,  the  operation  may  be  com- 
bined with  removal  of  a  fold  of  skin  from  the  external 
sm-face  of  the  lid. 

A  very  good  method  in  extreme  cases  is  to  make  a 
horizontal  incision,  the  length  of  the  lid  close  to  the  inter- 
marginal  space,  and  to  fill  up  the  gap  thus  formed  by 
sewing  in  a  piece  of  mucous  membrane,  removed  from 
the  mouth  or  cheek  (Van  Millingen). 

Transplantation  of  the  lashes  may  be  performed  by 
making  a  horizontal  incision  down  to  the  roots  of  the 
cilia  in  the  intermarginal  space  corresponding  to  the 
lashes  to  be  removed.  A  second  and  parallel  incision  is 
then  made  through  the  skin  close  to  the  ciha,  and  the 
bridge  of  skin  bearing  the  cilia  is  dissected  up.  A  third 
incision,  parallel  to  the  other  two,  is  made  about  3  mm. 
above  the  second,  and  the  skin  between  the  second  and 
third  incisions  dissected  from  the  subcutaneous  tissue. 
The  first  bridge  containing  the  ciha  is  then  passed 
beneath  the  second  bridge,  and  its  upper  border  is  sutured 
to  the  skin  above ;  the  lower  border  of  the  second  bridge 
is  then  sutured  to  the  palpebral  conjunctiva,  and  the  adja- 
cent borders  of  the  bridges  are  then  sutured  together.  By 
this  means  a  flap  of  skin  takes  the  original  position  of  the 
lashes,  and  the  only  objection  to  this  operation  is  that 
sometimes  the  scanty  hairs  on  the  skin  flap  tend  to  grow 
and  irritate  the  eye.  This  is  a  modification  of  Spencer 
Watson's  operation,  in  which  a  flap  containing  the  lashes 
with  its  base  near  the  inner  or  outer  canthi  is  inter- 
changed with  a  skin  flap  from  the  lid. 

Ectropion  (ck,  out ;  rpeTretv,  to  turn),  or  eversion  of 
the  eyelid,  is  the  condition  when  the  lid  is  more  or  less 
turned  away  from  the  eyeball,  exposing  the  palpebral 
conjunctiva ;  it  varies  greatly  in  degree,  from  a  simple 
fallhag  away  of  the  lid  to  a  complete  eversion  and  ex- 
posure of  its  mucous  surface. 

The  chief  symptom,  epiphora,  is  most  marked  when 
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the  lower  lid  is  aifected,  and  is  due  to  the  punctum  being 
no  longer  approximated  to  the  eyeball.  Prom  the  tears 
flowing  over,  excoriation  and  inflammation  of  the  lid  is 
usually  produced,  and  chronic  conjunctivitis  set  up. 
Owing  to  exposure  of  the  eyeball  to  the  atmosphere  and 
dust,  keratitis  and  corneal  ulcers  may  ensue,  and  even 
perforation  and  loss  of  the  eye. 

In  slight  cases,  the  eye  may  be  little  affected,  owing  to 
the  protection  afforded  to  the  cornea  by  the  upper  lid. 
In  severe  cases,  the  reddened  and  fleshy  look  of  the 
exposed  conjunctiva  produces  a  great  deformity. 

GatLsation. — Ectropion  of  the  lower  lid  is  often  found 
in  elderly  people,  from  atrophy  and  want  of  tone  of  the 
tissues.  It  is  met  with  in  paralysis  of  the  orbicularis 
palpebrarum ;  in  chronic  conjunctivitis  from  thicken- 
ing of  the  mucous  membrane  ;  and  in  blepharitis  of  long 
standing.  It  may  be  caused  by  cicatrices  of  the  lids  or 
surrounding  tissues  from  burns,  wounds  and  ulcers.  A 
severe  form  is  met  with  in  strumous  children  after  caries 
of  the  orbit.  In  children,  the  lids  may  be  everted  from 
spasm  of  the  orbicularis.  It  may  be  occasioned  by  great 
swelling  and  chemosis  of  the  conjunctiva,  as  in  purulent 
and  granular  conjunctivitis,  and  also  by  the  protrusion 
of  the  eyeball  in  exophthalmos. 

Treatment.— Itl  sHght  cases,  especially  in  the  senile 
form,  the  lower  lid  may  be  gently  massaged  and  astrin- 
gent lotions  and  ointments,  as  sulphate  of  zinc,  apphed  to 
the  conjunctival  surface.  If  the  punctum  is  much  dis- 
placed, the  canahculus  should  be  sht  up.  When  great 
hypertrophy  of  the  conjunctiva  of  the  lower  lid  exists, 
much  good  may  result  from  cauterisation  by  a  pencil  of 
nitrate  of  silver  along  the  whole  length  of  the  palpebral 
conjunctiva.  Faihng  this,  the  mucous  surface  of  the  hd 
may  be  scarified,  or  a  long  oval-shaped  piece  of  the  con- 
junctiva may  be  removed  with  scissors,  and  the  edges 
of  the  wound  brought  together  with  fine  sutures. 
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The  eversion  of  the  lower  Hd  may  be  successfully  over- 
come by  means  of  sutures  (Snellen,  Argyll  Eobertson). 
There  are  several  ways  of  passing  them,  but  the  following 
is  probably  the  best.  A  fine  waxed  silk  suture  is  threaded 
with  two  medium-sized  half-curved  needles,  one  of  which 
is  entered  at  the  most  prominent  part  of  the  conjunctival 
siu-face  of  the  lower  lid  about  the  junction  of  the  middle 
and  inner  thirds,  and  passed  through  its  substance  as  far 
as  the  subcutaneous  layer ;  it  is  then  directed  downwards 
in  this  layer  to  the  lower  margin  of  the  orbit,  where  it  is 
brought  out  through  the  skin  with  the  sutm-e.  The  second 
needle  with  the  other  end  of  the  suture  is  entered  in  the 
fornix  of  the  conjunctiva,  in  a  Hne  directly  below  the 
entry  of  the  first  needle,  and  is  brought  out  on  the  cheek 
about  2  mm.  below  the  exit  of  the  first  needle.  Another 
sutm^e  is  passed  in  a  similar  manner  at  the  junction  of 
the  outer  and  middle  thirds  of  the  lid,  and,  if  necessary,  a 
third  suture  between  the  other  two.  The  sutures  are  now 
pulled  tightly  till  a  considerable  amount  of  entropion  is 
produced,  and  a  small  roll  of  plaster  is  laid  on  the  cheek 
between  the  two  ends  of  each  suture,  which  are  then  tied 
over  it.  The  threads  may  be  tightened  from  day  to  day, 
and  removed  about  the  end  of  a  week,  or  earlier  if  much 
irritation  is  caused. 

Wharton  Jones'  method  is  known  as  the  v-y  operation. 
A  V-shaped  incision  is  made  through  the  skin  and  sub- 
cutaneous tissue  immediately  below  the  lower  hd  ;  the 
flap  thus  mapped  out  is  freed  from  the  surrounding  tissues, 
and  the  lower  edges  of  the  wound  brought  together  with 
silk  sutures,  thus  pushing  the  v-flap  upwards,  the  resulting 
scar  being  in  the  shape  of  the  letter  y. 

Cicatricial  ectropion,  where  the  hd  is  dragged  down 
from  scars  in  its  neighbourhood,  is  exceedingly  diffi- 
cult to  treat.  Some  rehef  may  be  obtained,  when  the 
cicatrix  IS  adherent  to  the  subjacent  bone,  by  separating 
the  adhesions  with  a  small  scalpel  passed  subcutaneously 
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between  the  skin  and  periosteum,  and  then  shding  the 
skin  upwards  and  keeping  it  in  the  new  position  by 
strapping. 

Canthoplasty  is  the  operation  for  enlarging  the 
palpebral  aperture,  and  is  performed  by  cutting  through 
the  entire  thickness  of  the  tissues  at  the  external  canthus 
with  a  strong  pair  of  blunt  scissors.  The  conjunctiva 
may  then  be  stitched  to  the  edges  of  the  wound  by 
sutures  if  a  permanent  enlargement  is  needed. 

Blepharoplasty.— In  cases  of  partial  or  complete 
destruction  of  the  eyehd  by  burns  or  ulceration,  the  loss 
of  substance  may  be  repaired,  after  all  signs  of  active 
inflammation  have  ceased,  by  small  skin  grafts  or  by 
transplantation  of  a  large  piece  of  skin.    This  latter 
method  is  done  by  dissecting  up  a  flap  of  skin  from  the 
neighbouring  parts  (for  the  upper  hd  from  the  temporal 
region,  and  for  the  lower,  from  the  cheek  or  side  of  nose) 
in  such  a  way  that  the  flap,  when  fixed  in  its  new  posi- 
tion, is  still  connected  with  the  skin  by  a  pedicle  contain- 
ing iDlood- vessels.    It  is  important,  to  ensure  success,  that 
the  piece  of  skin  transplanted  should  be  larger  than  is 
apparently  wanted,  that  all  bleeding  should  be  stopped 
before  the  flap  is  sutui'ed  in  its  place,  and  that  the  flap 
should  be  kept  warm  by  hot  sponges  during  the  opera- 

^'""phtheiriasis  (cj^Oecp,  a  louse).— The  pediculus  pubis 
is  occasionaUy  found  chnging  to  the  eyelashes,  and  owing 
to  the  irritation  set  up  by  it  and  the  presence  of  its  eggs 
(nits)  which  look  Hke  fine  brown  powder,  the  case  may  be 
mistaken  for  ciHary  blepharitis,  but  can  be  at  once  dia- 
gnosed by  the  aid  of  a  magnifying  glass.  The  parasites  and 
their  eggs  should  be  removed  with  forceps,  and  the  lashes 
washed  twice  a  day  with  a  solution  of  perchloride  of 
mercury,  or  smeared  with  a  mercurial  ointment. 

Xanthelasma  (^av^o.,  yellow;  'iXaaf^a,  plate)  is_ seen 
on  the  skin  surface  of  the  hds,  generally  about  the  inner 
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canthus,  as  slightly  raised  soft  yellowish  masses  which 
produce  no  irritation.  It  occurs  in  elderly  people,  es- 
pecially females  of  a  bilious  temperament,  and  is  very 
rare.  The  patches  may  be  excised  provided  no  alteration 
of  the  position  of  the  lid  is  likely  to  be  produced  by  the 
operation. 

Symblepharon  {avv,  together  ;  ^Xicjjapov,  eyehd),  is 
the  adhesion  of  the  conjunctival  surface  of  the  lid  to  the 
ocular  conjunctiva  or  to  the  cornea,  and  most  frequently 
occurs  in  connection  with  the  lower  Hd.  The  extent  of 
union  varies  from  bands  or  cords  to  complete  and  intimate 
adhesion  ;  in  the  latter  case,  the  movements  of  the  eye- 
ball are  restricted,  and  vision  may  be  much  impaired.  It 
is  generally  unsightly,  and  the  surface  often  fleshy  looking 
and  thick.  This  condition  may  be  caused  by  burns  with 
quicklime  and  acids,  and  is  also  a  sequel  of  membranous 
conjunctivitis,  trachoma  and  pemphigus ;  it  must  be  dis- 
tinguished from  essential  shrinking  of  the  conjunctiva. 

The  treatment  consists  in  dissecting  up  the  lid  from 
its  attachment,  and  fiUing  up  the  area  so  exposed  by 
flaps  made  from  the  conjunctiva  in  the  neighbourhood, 
or  by  gi-afting  pieces  of  mucous  membrane  taken  from 
the  patient's  mouth. 

In  cases  where  the  adhesions  are  limited  and  cord-like 
a  ligature  may  be  tightly  tied  round  them  and  allowed  to 
ulcerate  through,  the  ends  being  removed  afterwards  by 
scissors.    In  all  cases,  oil  should  be  dropped  two  or  three 
times  a  day  into  the  conjunctival  sac  to  hinder  reunion. 

Anchyloblepharon  {dyKvXo?,  crooked),  or  adhesion 
of  the  upper  to  the  lower  lid,  is  usually  produced  by  burns 
or  ulceration  of  their  margins,  and  is  rare  except  at  the 
canthi.  The  adhesion  should  be  divided  by  a  scalpel, 
the  skin  and  conjunctiva  stitched  together,  and  a  probe 
afterwards  passed  every  day  to  prevent  reunion. 

Blepharophimosis  (^it/xwo-ts,  contraction),  or  nar- 
rowing, of  the  Hd  fissure,  may  result  from  granular  con- 
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junctivitis,  and  is  mostly  found  at  the  external  canthus. 
It  may  he  relieved  by  canthoplasty. 

Injuries  of  the  eyelids.— Black  eye,  or  ecchymosis 
of  the  Hd,  is  due  to  extravasation  of  blood  in  its  tissues, 
and  is  at  first  bluish-black,  changing  to  greenish-yellow 
and  gradually  disappearing.  It  may  last  a  week  or  more 
before  complete  absorption  takes  place.  It  is  generally 
produced  by  a  blow  on  the  eye,  but  may  follow  strain- 
ing in  paroxysms  of  whooping  cough,  operations  as  ex- 
cision or  strabismus,  and  fracture  of  the  skull.  ^  It  should 
be  treated  by  cold  appHcations  such  as  lead  lotion. 

Surgical  empliysema  is  the  condition  produced  by 
the  presence  of  air,  and  often  blood,  beneath  the  skin  of 
the  lid.    It  is  accompanied  by  considerable  swelling  of 
the  lids,  which  pit  on  pressure  and  produce  a  sensation  of 
crackling  to  the  finger.    It  is  usually  traumatic,  foUowmg 
a  blow  on  the  nose,  but  may  resiilt  from  severe  attacks  of 
sneezing  or  coughing;  and  is  due  to  rupture  of  the  mucous 
membrane  separating  the  lids  from  an  air  cavity  by 
which  means  air  finds  its  way  into  the  cellular  tissue  ot  the 
lids     When  recent,  it  can  be  best  treated  by  a  pressure 
bandage,  and  by  warning  the  patient  to  avoid  making 
any  violent  respiratory  act.    It  disappears  spontaneously. 

Incised  and  lacerated  looimds  of  the  Hds  should  be 
carefully  cleansed  and  their  edges  accurately  brought 
together  by  stitches,  when  they  heal  quickly.  _ 

Btirns  are  caused  by  hot  water,  caustics,  acids,  or  by 
gunpowder,  and  are  only  dangerous  when  the  cornea  and 
comunctiva  are  involved.  They  should  be  treated  as 
burns  in  any  other  part,  mainly  by  oily  applications. 
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CHAPTEE  XX 

DISEASES  OF  THE  ORBIT 

Anatomy. — The  bony  orbit  is  in  shape  a  quadri- 
lateral pyramid,  the  apex  of  which  is  situated  behind  at 
the  optic  foramen  and  sphenoidal  fissure,  and  the  base, 
forming  the  anterior  aperture  of  the  orbit,  is  bounded  by 
the  free  margins  of  the  four  bony  walls.  The  superior 
wall  or  roof  of  the  orbit  has  in  front  a  thickened  over- 
hanging margin,  the  supra-orbital  ridge ;  and  at  the 
junction  of  the  middle  and  inner  thirds  is  the  notch  for 
the  supra-orbital  nerve  and  artery.  The  roof  is  thin  in 
its  central  part,  where  it  may  be  easily  fractured  by  direct 
violence  ;  it  separates  the  orbit  from  the  anterior  fossa 
of  the  skull,  and  at  its  outer  part  there  is  a  depression  for 
the  lachrymal  gland. 

The  outer  wall  separating  the  orbit  from  the  temporal 
fossa  is  divided  from  the  floor  by  the  spheno-maxillary 
fissure  transmitting  the  superior  maxillary  nerve  and 
branches. 

The  floor,  or  inferior  wall,  separates  the  orbit  from  the 
antrum  of  Highmore,  and  on  it  is  situated  the  groove, 
which  transmits  the  infra-orbital  nerve  and  vessels,  end- 
ing in  the  infra-orbital  foramen.  A  line  joining  the  supra- 
orbital notch  with  the  infra-orbital  foramen  passes  between 
the  two  upper  bicuspid  teeth. 

The  inner  wall  is  the  thinnest,  and  divides  the  orbit 
from  the  nasal  cavity,  ethmoidal  cells  and  t^e  frontal 
sinus  ;   it  is  perforated  by  the  anterior  and  posterior 
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ethmoidal  foramina.  Near  its  junction  with  the  supra- 
orbital ridge  is  the  depression  for  the  pulley  of  the 
superior  oblique,  and  anteriorly  below  is  the  nasal  duct 
leading  into  the  inferior  meatus  of  the  nose. 

At  the  apex  is  found  the  optic  foramen  transmitting 
the  optic  nerve  and  ophthalmic  artery,  and  on  the  outer 
side  and  below  this  is  the  sphenoidal  fissure,  trans- 
mitting the  third,  fourth,  ophthalmic  division  of  the  fifth, 
and  sixth  nerves,  and  the  ophthalmic  vein  opening  into 
the  cavernous  sinus. 

The  orbital  periosteum  is  a  thick  layer  lining  the  bony 
surfaces  of  the  orbit,  continuous  behind  with  the  dural 
sheath  of  the  optic  nerve  and  in  front  \yith  the  peri- 
osteum of  the  bones  of  the  face. 

•The  bony  orbit  contains  the  eyeball  and  the  optic 
nerve,  surrounded  by  the  two  obHque  muscles  and  the 
muscular  cone  of  the  four  recti,  joined  together  by  the 
capsule  of  Tenon.  The  other  structures  are  the  lach- 
rymal gland  with  its  ducts,  the  levator  palpebr»,  the 
unstriped  muscle  of  Miiller,  the  ophthalmic  artery  and 
its  branches,  the  superior  and  inferior  ophthalmic  veins, 
lymphatic  vessels,  the  third,  fourth,  ophthalmic  division 
of  the  fifth,  sixth  nerves  and  the  cihary  ganglion  ;  the 
orbital  fat  fiUs  up  the  spaces  between  these  structures. 

The  orbits  are  not  quite  parallel  to  one  another,  but 
incHned  at  a  small  angle  so  that  the  axes  diverge  out- 
wards. 

CONGENITAL  AFFECTIONS.  —  Anophthalmos^—Lom- 
plete  absence  of  an  eye  probably  never  occm-s,  but  the 
eye  may  exist  in  a  rudimentary  state  as  a  smaU  button  at 
the  back  of  the  orbit,  unrecognisable  during  life.  Such 
cases  are  associated  with  smaU  size  of  the  orbit  and  lids, 
and  also  with  cysts  in  these  structures,  probably  formed  by 
degenerative  changes  in  embryonic  tissue. 

'  Snelir  Trans.  Ophth.  Soc.  iv.  p.  333  ;  and  xiv.  p.  190.  Lang 
Boy.  Lond.  OpUh.  Hosp.  Bep.  xii.  p.  289. 
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MicroplithalmoH,  or  small  eye,  is  due  to  arrest  of 
development ;  the  marked  diminution  of  the  different 
measurements  is  especially  well  seen  in  the  cornea.  It 
is  generally  associated  with  other  congenital  defects,  as 
cataract  or  coloboma. 

BiiplitJiahnos  (megalophthalmos)  is  described  on  p.  273. 

Exophthalmos  (proptosis)  is  an  objective  sign  and 
indicates  a  protrusion  of  the  eyeball,  and  must,  be  dis- 
tinguished from  an  enlargement  of  the  eye  itself.  It 
may  be  unilateral  or  bilateral,  and  is  present  to  a  greater 
or  less  extent  in  most  diseases  of  the  orbit.  The  dis- 
placement of  the  eye  is  rarely  directly  forwards  (except 
in  Graves'  disease  or  acute  cellulitis  of  the  orbit),  being 
generally  in  a  horizontal  or  vertical  direction,  either 
downwards  and  inwards,  or  downwards  and  outwards. 
Combined  with  the  displacement,  there  is  marked 
limitation  of  the  ocular  movements  in  the  opposite  direc- 
tion. When  the  proptosis  is  unilateral,  diplopia  is  nearly 
always  present,  though  children  seldom  complain  of  it. 

In  progressive  cases,  the  lids  are  at  first  stretched 
over  the  protruding  eyeball,  but  as  the  proptosis 
increases,  the  upper  lid  is  no  longer  able  to  cover  the 
cornea,  and  at  the  same  time  the  lower  lid  becoming 
everted,  the  cornea  is  exposed  and  tends  to  ulcerate.  In 
severe  cases,  the  eyeball  may  at  times  dislocate 
through  the  lids.  Owing  to  stretching  of  the  optic  nerve, 
papillitis  or  retro-bulbar  neuritis  sometimes  results,  but 
in  Graves'  disease  considerable  exophthalmos  can  be 
present  without  the  nerve  being  affected. 

Causatioyi. — Exophthalmos  may  occasionally  be 
congenital  ^  from  want  of  development  of  the  orbit,  but,  as 
a  rule,  is  acquired  and  is  then  caused  by  injury  or 
disease.  It  may  be  produced  by  deep-seated  heemor- 
rhage,  emphysema,  foreign  body,  or  other  injury  to  the 

'  Power,  Trans.  Ophth.  Soc.  xiv.  p.  212. 
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orbit,  and  in  squint  operations  by  free  division  of  a 
rectus  muscle. 

It  is  a  sign  of  Graves'  disease  and  of  irritation  of  the 
sympathetic.  Locally,  it  is  caused  by  cellulitis,  periostitis, 
abscess,  tumours,  paralysis  of  the  extrinsic  ocular  muscles, 
thrombosis  of  the  cavernous  sinus,  and  also  by  bulgings 
of  the  orbital  walls  from  affections  of  the  neighbouring 
cavities. 

Enophthalmos  is  the  term  used  to  express  recession 
or  sinking  of  the  eyeball  into  the  orbit,  and  must  not 
be  confounded  with  microphthalmos.  It  results  from 
paralysis  of  the  cervical  sympathetic  when  it  is  asso- 
ciated with  contraction  of  the  pupil,  diminution  of  the 
palpebral  aperture  and  increased  perspiration  of  the  same 
side  of  the  face ;  loss  of  orbital  fat  in  extreme  emaciation 
and  old  age ;  hemiatrophy  of  the  face  ;  and  also  from 
traumatism '  owing  to  fracture  of  the  bones  of  the  orbit 
or  injury  to  other  orbital  structures. 

ORBITAL  INFLAMMATIONS.-The  chief  characteristics 
are  varying  degrees  of  exophthalmos,  hmitation  of  the 
ocular  movements,  and,  except  in  cases  of  chronic  abscess, 
swelling  of  the  Uds,  congestion  and  chemosis  of  the 
conjunctiva.  The  seat  of  commencement  is  generally 
in  the  ceUular  tissue  or  in  the  periosteum;  the  exact 
diagnosis  is  often  very  difficult  at  first  to  make,  but 
orbital  cellulitis  is  the  most  common  form. 

Orbital  cellulitis  is  an  acute  inflammation  of  the 
cellular  tissue  of  the  orbit,  dependent  on  septic  infection 
The  symptoms  and  signs  consist  of  the  general 
phenomena  of  fever,  and  deep-seated,  throbbing  pam, 
which  is  increased  by  pressing  the  eye  back  mto  the 
orbit.  The  eyehds,  especially  the  upper,  are  swollen, 
oedematous,  and  dusky-red  in  colour,  and  the  neighbour- 
ing parts  are  involved  in  the  swelhng.    The  conjunctiva 


•  Lang,  Trans.  OpUh.  Soc.  ix.  p.  41. 
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is  congested,  and  often  so  greatly  chemosed  that  the 
eyelids  cannot  be  closed.  The  space  between  the  orbital 
margin  and  the  globe  is  occupied  by  a  firm,  tense  and 
brawny  swelhng.  The  eyeball  is  gradually  pushed  directly 
forwards,  and  the  ocular  movements  are  Umited  in  all 
directions.  Inflammation  of  the  optic  nerve  may  be 
present,  and  optic  atrophy  sometimes  ensues.  The  vision 
is  usually  impaired,  and  in  some  cases  may  be  lost, 
especially  in  erysipelas.  The  disease  is  generally  very 
rapid  in  its  course,  and  may  end  in  resolution  ;  but,  as  a 
rule,  it  terminates  in  the  formation  of  an  orbital  abscess, 
which  points  on  some  part  of  the  upper  lid  near  the 
orbital  margin,  or  extends  backwards  to  the  brain,  causing 
meningitis. 

The  complications  are  purulent  uveitis  with  detach- 
ment of  the  retina,  sloughing  of  the  cornea,  phlebitis  of 
the  cavernous  sinus,  or  periostitis  of  the  orbital  walls. 

Causation. — It  has  followed  the  presence  of  foreign 
bodies  in  the  orbit ;  operation  wounds,  as  excision  of  the 
eye  and  tenotomy ;  pytemia  and  erysipelas ;  the  spread 
of  inflammation  from  the  eyeball  as  panophthalmitis,  or 
from  surrounding  parts  as  acute  periostitis  of  the  temporal 
fossa  or  irritation  of  a  tooth. 

It  may  be  diagnosed  from  acute  periostitis  by  the 
more  general  inflammatory  swelling ;  by  the  restriction  in 
every  direction  of  the  ocular  movements  ;  by  the  eyeball 
being  pushed  straight  forwards ;  by  the  lesser  degree  of 
pain  ;  and  by  the  absence  of  tenderness  on  pressure  on 
the  orbital  walls.  The  general  constitutional  symptoms, 
also,  are  more  severe  than  in  acute  periostitis. 

A  favourable  ])fognosis  depends  on  the  early  evacuation 
of  the  pus.  Treatment  must  first  be  directed  to  allaying 
the  general  symptoms  by  quinine ;  locally,  the  eye  may 
be  fomented  or  poulticed,  and  leeches  applied  to  the 
temporal  region.  As  soon  as  the  presence  of  pus  is 
suspected,  an  incision  must  be  made  through  the  lid  or 
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conjunctiva  with  a  narrow-bladed  knife,  which  should  be 
passed  deeply  into  the  orbit  close  to  the  orbital  wall,  and 
away  from  the  eyeball.  If  pus  be  found,  the  symptoms 
are  soon  relieved,  but  even  if  it  be  not  present,  the  free 
haemorrhage  from  the  incision  will  give  much  rehef .  After 
the  incision  has  been  made  by  the  knife  it  is  much  safer 
to  use  a  director  or  dressing  forceps  to  search  for  the 
pus. 

Periostitis  of  the  orbit  may  occur  as  an  acute  or 
chronic  disease. 

Acute  periostitis  is  generally  limited,  but  may  be 
diffuse ;  it  has  all  the  symptoms  of  cellulitis,  from  which, 
in  its  early  stage,  it  is  very  difficult  to  distinguish. 

The  most  common  situation  is  the  margin  of  the  orbit, 
and  a  distinctive  symptom  is  pain  and  tenderness  on 
pressure  on  the  orbital  edges.  The  position  of  the  in- 
flammation may  often  be  diagnosed  by  palpation,  from 
the  existence  of  a  hmited  painful  spot  and  by  a  feeling 
of  fluctuation.  In  these  cases,  the  exophthalmos  is  in  a 
definite  direction,  as  downwards  or  upwards,  and  the 
ocular  movements  are  hmited  in  the  opposite  direction 
to  the  displacement. 

Diplopia  is  generally  present.  The  optic  nerve  is 
not  so  often  affected  as  in  celluhtis,  and  the  vision  as  a 
rule  remains  normal. 

Periostitis  involving  the  roof  of  the  orbit  is  the  most 
serious  form  as  it  may  give  rise  to  abscess  of  the  bram. 

The  sequelee  are  caries,  necrosis,  and  orbital  abscess. 
The  prognosis  is  grave  when  the  surface  of  bone  affected 

is  extensive.  ,    .  . 

The  treatment  consists  of  fomentations,  and  incision 

when  the  swelling  is  defined. 

Chronic  periostitis  is  the  more  common,  and  is 
generally  of  tubercular,  syphihtic,  or  rheumatic  origin. 
There  is  a  locahsed  irregular  thickening  about  the  anterior 
part  of  the  orbital  walls,  with  tenderness  on  pressure, 
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and  deep-seated  pain,  which  becomes  worse  at  night. 
When  deeply  situated,  there  may  be  some  exophthalmos, 
with  paralysis  of  one  or  more  of  the  orbital  nerves. 

In  some  cases,  the  periostitis  may  subside  leaving 
generally  a  thickening  (node) ;  or  suppuration  may  occur 
followed  by  caries. 

In  the  tubercular  form,  there  is  nearly  always  suppura- 
tion and  caries,  with  the  formation  of  a  sinus  leading  down 
to  the  disease,  and  afterwards,  owing  to  the  adherence  of 
the  surrounding  parts  to  the  bone,  contractions  involving 
frequently  the  lids  and  resulting  in  entropion. 

In  syphihtic  cases,  abscesses  or  caries  are  rarely  met 
with  ;  in  the  rheumatic  variety,  pain  is  the  chief  symptom, 
and  visible  signs  of  inflammation  are  rare. 

Treatment. — Tubercular :  general  dietetic  and  hygienic 
remedies,  such  as  strengthening  food,  cod-liver  oil,  sea 
air.  Eheumatic :  salicylate  of  soda,  iodide  of  potassium. 
Syphilitic :  large  doses  of  iodide  of  potassium  and 
mercury. 

Caries  of  the  orbit  is  generally  the  result  of  chronic 
periostitis,  but  may  commence  in  the  bone.  Its  usual 
situation  is  at  the  margin  of  the  orbit  towards  the  outer 
side,  and  its  symptoms  at  first  are  those  of  orbital 
periostitis  and  abscess.  After  the  abscess  has  burst  a 
sinus  is  formed,  discharging  thin  sanious  pus,  and  having 
at  its  aperture  a  button  of  pink  granulation  tissue.  The 
skin  in  the  immediate  neighbourhood  tends  to  become 
involved,  and  from  the  contraction  ensuing  ectropion  is 
often  produced.  It  occurs,  as  a  rule,  in  tubercular 
subjects,  generally  children,  and  is  also  a  manifestation 
of  tertiary  syphilis. 

Treatment  must  be  directed  in  tubercular  cases  to 
improving  the  general  health  by  change  of  air,  &c. ;  in 
syphilitic  cases  by  mercury  and  iodide  of  potassium. 

The  sinus  should  be  syringed  out  with  antiseptic 
lotions  of  carbohc  acid,  chloride  of  zinc,  or  corrosive 


314       OPHTHALMIC  SUEGERY  AND  MEDICINE 


sublimate,  and  a  drainage  tube  inserted ;  in  very  chronic 
cases,  the  sinus  may  be  laid  open,  and  the  carious  bone 
treated  either  by  direct  appHcation  of  dilute  sulphuric 
acid  or  by  scraping  with  a  small  Volkmann's  spoon.  In 
caries  of  the  roof  of  the  orbit,  operative  procedure  must 
be  undertaken  with  extreme  caution  owing  to  the  risk 
of  meningitis. 

Necrosis  of  the  orbital  bones  is  very  rare  and  results 
from  acute  traumatic  periostitis  followed  by  abscess. 
When  the  dead  bone  has  exfoUated,  an  incision  should 
be  made  down  to  the  sequestrum,  which  must  then  be 
removed  with  a  pair  of  forceps. 

Orbital  abscess  is  either  acute  or  chronic,  and  is 
the  result  of  inflammation  of  some  part  of  the  orbit  or  its 
contents. 

Cases  of  acttte  abscess  when  the  suppuration  is 
deeply  placed  in  the  orbit  are  very  serious,  and  demand 
active  treatment,  as  not  only  sight  but  hfe  may  be 
endangered. 

The  symptoms  are  those  of  orbital  cellulitis,  but  the 
protrusion  of  the  eye  is  generally  downwards  and  out- 
wards, or  downwards  and  inwards,  accordmg  to  the 
position  of  the  abscess.  Fluctuation  may  be  felt  over 
the  most  prominent  part  of  the  swelling. 

The  treatment  should  be  by  incision  at  the  spot  where 
there  is  most  swelling,  even  when  no  fluctuation  can  be 
detected;  if  pus  is  foimd,  free  drainage  must  be 
allowed. 

The  most  common  form  of  acute  orbital  abscess  is 
a  small  collection  of  pus  in  the  sviperficial  connective 
tissue  of  the  orbit.  It  is  marked  by  swelling  and 
redness  of  the  lid,  vascularity  and  chemosis  of  the 
conjunctiva,  and  pain  on  movement  of  the  eyeball ;  but 
these  signs  are  not  accompanied  by  proptosis.  These 
abscesses  appear  without  any  definite  cause  and  are 
difficult  to  locaHse.     The  treatment  should  consist  of  hot 
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fomentations  until  the  position  of  the  pus  can  be  made  out, 
when  it  should  be  incised. 

Chronic  abscess  of  the  orbit  is  most  difficult  to  distin- 
tinguish  from  a  soft  orbital  tumour.  The  development 
is  very  slow  and  unaccompanied  by  pain,  and  the  patient 
only  comes  for  advice  when  there  is  protrusion  of  the 
eyeball  or  diminution  of  vision.  The  diagnosis  should 
be  made  by  exploratory  incision  into  the  swelling,  and  if 
pus  be  found  the  opening  should  be  enlarged  to  ensure 
free  drainage. 

OEBITAL  TUMOUES  may  either  be  primary,  or  secon- 
dary to  growths  elsewhere.  The  primary  have  their 
origin  in  the  connective  tissue,  periosteum,  sheath  of 
the  optic  nerve,  or  lachrymal  gland.  The  secondary 
invade  the  orbit  from  the  neighbouring  bones  and 
cavities  or  from  the  eyeball,  and  are  very  rarely  meta- 
static. They  may  be  fluid  or  solid ;  if  the  former,  they 
are  nearly  always  in  connection  with  the  frontal  sinus 
or  ethmoidal  cells  and  contain  pus  or  mucus,  whereas 
the  solid  ones  are  generally  malignant. 

The  signs  of  an  orbital  tumour  are  slowly  increasing 
proptosis,  displacement  of  the  eye  downwards  or  upwards 
and  to  one  side,  restriction  of  the  ocular  movements 
mechanically  or  by  direct  implication  of  the  muscles  and 
nerves.  One  orbit  only  is  usually  affected,  though  both 
may  be  in  lympho-sarcoma  or  exostosis.  By  palpation, 
the  swelHng  may  be  diagnosed  as  to  its  situation,  con- 
sistency, size,  and  mobility.  It  is  very  important  to 
examine  carefully  the  neighbouring  cavities  of  the  mouth, 
nose,  and  frontal  sinuses  for  signs  of  implication.  Owing 
to  interference  with  the  circulation,  the  palpebral  and  con- 
junctival vessels  may  be  much  dilated,  and  occasionally 
ecchymosis  and  chemosis  of  the  conjunctiva  may  be  pre- 
sent, though  these  last  are  more  often  the  signs  of 
inflammatory  trouble.  Pulsation,  if  present,  should  be 
detected  by  placing  a  handkerchief  over  the  orbit  and 
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listening  with  the  ear  or  a  stethoscope,  and  care  should 
be  taken  not  to  confound  it  with  the  muscular  sound  of 
the  orbicularis  muscle. 

The  symptoms  are  pain,  situated  in  or  around  the 
orbit  and  transmitted  along  the  branches  of  the  oph- 
thalmic division  of  the  fifth  nerve;  diplopia,  due  to  the 
mechanical  squint ;  dimness  of  vision  often  little  marked 
in  slow-growing  tumours,  though  on  the  other  hand  sight 
may  be  quite  lost  from  atrophy  following  optic  neuritis. 

Orbital  tumours  are  divided  into  inflammatory  and 
new  growths. 

Inflammatory.  —  Non-infective  granuloma  ^xo- 
duced  by  a  foreign  body;  an  infective  granuloma  is 
syphilitic  or  tubercular,  and  chiefly  found  in  connection 
with  chronic  periostitis. 

New  growths.  Innocent. — The  cystic  are  dermoid, 
meningocele,  and,  very  rarely,  encephalocele  and  hydatid. 

Dermoid  cysts  are  most  often  situated  at  the  outer  side 
of  the  orbit  and  are  of  congenital  origin,  though  they 
may  not  be  noticed  before  puberty,  when  owing  to  some 
irritation  or  growth,  the  secretive  properties  of  the  rudi- 
mentary epiblastic  structure  are  rendered  active.  Then- 
growth  is  very  slow  and  they  cause  httle  inconvenience 
unless  giving  rise  to  proptosis.  On  palpation,  they  are 
soft,  fluctuating,  free  and  non-adherent  to  the  skin  like 
sebaceous  cysts ;  occasionally  they  have  processes  passing 
deeply  down  into  the  orbit  as  far  as  the  apex,  whilst  the 
bone  is  hollowed  out  in  their  vicinity.  Their  contents 
consist  of  sebaceous  matter,  small  hairs  and  oil.  Owmg 
to  their  recurrence  unless  completely  removed,  they  should 
be  carefully  dissected  out  entire,  and  the  skin  incision 
should,  if  possible,  be  parallel  to  the  eyelid. 

Meningocele  is  a  rare  congenital  condition.  It  appears 
as  a  semi-translucent,  fluctuating,  and  occasionaUy 
ptdsating  tumour  at  the  inner  angle  of  the  orbit.  The 
swelHng  can  be  diminished  by  pressure,  and  is  increased 
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by  strain  or  coughing.  Tt  is  always  connected  with  the 
bony  walls  of  the  orbit,  in  which  a  depression  can  be 
felt.  It  may  be  associated  with  hydrocephalus,  spina 
bifida,  or  some  other  congenital  affection,  and  no 
operative  procedure  is  justifiable. 

The  solid  tumours  are  exostoses,  nsevi,  and,  more 
rarely,  lipomata  and  fibromata. 

Exostoses  are  occasionally  met  with  growing  from  the 
walls  of  the  orbit  or  from  the  frontal  or  ethmoidal 
sinuses,  and  are  situated  generally  at  the  inner  side  of 
the  orbit ;  they  grow  very  slowly,  are  often  pedunculated, 
and  may  follow  injury  or  be  congenital.  They  are  gene- 
rally of  the  hard  or  ivory  variety,  but  have  sometimes  a 
cancellous  centre.  Their  treatment  by  operation  is  not 
without  risks,  and  is  accomplished  by  drilling  the  neck  of 
the  tumour  and  afterwards  chiselling  it  through. 

T/talisnant.— Sarcoma  originates  in  the  periosteum, 
the^  connective  tissue,  the  lachrymal  gland,  eyeball,  or 
optic  nerve,  and  may  also  invade  the  orbit  from  the 
neighbouring  cavities.  Orbital  sarcomata  in  the  early 
stages  occur  as  hard,  firm,  and  fixed  swellings,  and  as  a 
rule  may  be  felt  at  some  part  of  the  orbital  margins.  They 
gradually  increase  in  size,  and  cause  the  usual  symptoms 
of  orbital  tumour,  but  are  accompanied  by  httle  local 
inflammation.  They  generally  recur  after  removal,  and 
eventually  cause  death  by  extension  into  the  brain,  or  by 
visceral  deposits.  Carcinoma  is  only  found  as  primary 
disease  in  connection  with  the  lachrymal  gland  or  the 
optic  nerve,  but  maybe  secondary  to  disease  of  the  eyehds 
or  lachrymal  passages. 

Treatment.~M&lignsint  tumours  must  be  removed 
freely,  even  with  the  eyeball  and  contents  of  the  orbit. 
In  some  cases,  after  the  orbit  has  been  cleared  out  and 
the  haemorrhage  stopped  by  pressure,  chloride  of  zinc 
paste  (F.  47)  on  strips  of  Hnt  may  be  plastered  round 
the  sides  of  the  orbit,  and  the  rest  of  the  cavity  filled  up 
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with  cotton  wool.  The  effect  of  this  treatment  is  that 
the  periosteum,  and  frequently  a  layer  of  bone,  exfoliate. 
This  operation  is  always  followed  by  severe  reaction. 

Pulsating  exophthalmos.— A  number  of  cases 
have  been  recorded  in  which  extreme  proptosis  has  been 
present  accompanied  by  pulsation.  The  syviptoms  are 
noises  in  the  head,  tinnitus  aurium  and  dizziness,  but 
pain  is  generally  absent. 

The  signs,  besides  proptosis,  are  a  bruit  heard  over 
the  eye,  which  is  often  stopped  by  pressure  on  the  carotid ; 
the  pulsation  is  increased  by  leaning  the  head  forwards  ; 
the  proptosis  can  be  reduced  by  pushing  the  eye  back- 
wards into  the  orbit.  The  cause  may  be  aneurism  of  the 
ophthalmic  artery  or  internal  carotid,  aneurism  by  anasto- 
mosis, varix,  mahgnant  vascular  growths,  or  thromhosis 
of  the  cavernous  sinus.  The  diagnosis  between  these 
diseases  is  very  difficult,  but  in  the  case  of  a  tumour  the 
pulsation  is  much  more  difficult  to  control  by  pressure 

on  the  carotid. 

Treatment. — In  some  cases  spontaneous  cure  occurs, 
but  as  a  rule  compression  or  hgature  of  the  carotid,  or 
electrolysis,  must  be  resorted  to. 

Distention  of  frontal  sinuses  (frontal  mucocele) 
may  be  mistaken  for  an  orbital  growth,  and  is  found  as  a 
locahsed  fixed  swelUng  at  the  inner  side  of  the  orbit.  The 
frontal  sinuses  situated  in  the  frontal  bone  consist 
of  cells  hned  by  mucous  membrane,  and  divided  more 
or  less  into  two,  right  and  left.    Each  communicates 
by  the  infundibulum  with  the  middle  meatus  of  the  nose. 
The  wall  of  the  sinus  next  to  the  orbit  is  the  weakest, 
and  hence  tends  to  give  way  on  distention  of  the  sinus. 
Generally  the  sinus  is  only  affected  on  one  side,  and  this 
may  occur  at  all  ages  except  in  young  childi-en,  in  whom 
these  structures  are  not  developed. 

Signs— A  fixed  swelhng  at  the  inner  part  of  the  orbit, 
varying  at  times  in  size,  and,  if  the  waU  has  given  way, 
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with  a  feeling  of  fluctuation  over  it ;  marked  proptosis 
downwards  and  outwards.  The  swelling,  as  a  rule  uni- 
lateral, is  generally  of  slow  progress  and  very  chronic  ; 
the  contents  consist  of  a  glairy  tenacious  fluid  or' pus. 

Symptoms  :  Diplopia  is  generally  present,  and  there  is 
often  headache  and  pain  over  the  frontal  region.  In 
some  cases  suppuration  occurs,  when  considerable  consti- 
tutional disturbance  and  pain  ensues ;  the  lids  are  red 
and  oedematous,  and  the  conjunctiva  is  chemosed. 

GaiLse. — Generally  a  history  of  injm-y,  which  may 
have  produced  fracture  of  the  cells  and  obstruction  of  the 
infundibulum.  The  effect  of  closure  of  this  opening  would 
be  retention  of  the  mucus  discharged  by  the  hning  of 
the  cells,  which,  gradually  accumulating,  would  distend 
the  sinus.  Occasionally  polypi  from  overgrowth  of  the 
mucous  cells  are  found. 

The  treatment  is  by  an  incision  through  the  skin  into 
the  swelHng,  and  after  the  fluid  is  evacuated  the  cavity 
should  be  explored  by  the  finger.  A  drainage  tube  must 
be  inserted,  and  it  is  a  good  plan  to  bring  the  tube  through 
the  nose,  so  that  afterwards  the  sinus  may  be  properly 
drained,  and  any  re-accumulation  of  fluid  prevented. 

INJUEIES  OF  THE  ORBIT.— These  may  be  divided  into 
non-perforating  (contused)  and  perforating  wounds,  and 
are  generally  accompanied  by  haemorrhage  either  imme- 
diately beneath  the  conjunctiva  or  deep  in  the  orbit. 

Subconjunctival  hemorrhage  commonly  occurs  in  the 
anterior  part  of  the  conjunctiva,  and  is  due  to  the  rupture 
of  a  small  vessel.    It  often  completely  encircles  the  cornea 
and  seldom  reaches  backwards  beyond  the  equator. 

In  fracture  of  the  anterior  fossa  of  the  skull,  hemorrhage 
may  take  place  beneath  the  posterior  part  of  the  conjunc- 
tiva ;  in  these  cases  the  anterior  Hmit  of  the  blood  can 
usually  be  seen  about  the  equator;  behind,  it  is  much  more 
marked  and  intense  in  colour,  and  the  posterior  hmit 
cannot  be  defined.    The  blood  gradually  creeps  forward 
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and  in  the  later  stages  resembles  the  haemorrhage  in  the 
anterior  part  of  the  conjunctiva.  Hajmorrhage  into  the 
deeper  parts  of  the  orbit  occasionally  produces  proptosis. 

Penetrating  loouncls  of  the  orbit  should  never  be  lightly 
regarded,  as  it  is  difficult  to  ascertain  the  exact  history  of 
the  injury,  and  severe  damage  may  be  done  to  the  deep 
structures  with  scarcely  any  visible  external  wound.  It 
is  most  important  that  the  object  producing  the  injury- 
should  be  carefully  examined,  as  a  piece  may  have  been 
broken  off  and  remain  in  the  orbit.  A  frequent  cause  is 
a  thrust  with  a-  walking-stick  or  umbrella,  and  this  may 
be  followed  by  fatal  results  if  the  roof  of  the  orbit  be 
perforated.  Other  comphcations  are  injury  to  the  optic 
nerve,  rupture  of  a  muscle,  deep  haemorrhage,  or  emphy- 
sema from  perforation  of  the  ethmoidal  cells. 

Foreign  bodies  may  lodge  in  the  orbit,  and  when 
embedded  in  the  fat  can  remain  there  without  being 
discovered.  A  hat-peg  inches  in  length  is  perhaps 
the  largest  object  ever  known  to  have  been  so  concealed. 

Treatment. — The  patient  should  be  kept  quiet  after  a 
penetrating  wound,  and  symptoms  carefully  watched  for. 
A  foreign  body  should,  if  possible,  be  removed  in  all  cases, 
owing  to  the  likehhood  of  severe  inflammation  being  set 
up  by  its  presence.  The  ingenious  method  ^  invented 
by  Mackenzie  Davidson  now  enables  its  position  to  be 
accurately  locahsed  by  the  Eontgen  rays. 

Fracture  of  the  walls  may  be  caused  by  direct  or 
indirect  violence.  The  inner  wall,  being  the  thinnest,  is 
the  most  often  fractured,  and  this  injury  is  accompanied 
by  emphysema  of  the  hds  and  orbital  tissue.  Fracture 
of  the  anterior  fossa  of  the  skull  may  involve  the  apex  of 
the  orbit,  and  be  followed  by  immediate  bhndness,  owing 
to  injury  of  the  optic  nerve. 

OPERATIONS. — Excision  is  the  operation  for  complete 
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removal  of  the  eyeball,  and  is  indicated  as  a  last  resource 
in  rupture  of  the  globe,  presence  of  a  foreign  body  in  the 
eyeball,  painful  blind  eyes 
and  malignant  growths. 

A  general  anassthetic  is 
necessary,  but  no  special 
preparation  of  the  patient 
other  than  that  for  the 
anaesthetic  is  needed. 

The  instruments  are 
speculum  (fig.  23),  fixa- 
tion forceps  (fig.  19),  a  pair 
of   small    curved  blunt 


Fig.  81. — Small  Cuhved 
Blunt  Pointed  Scissoks 


Fis.  82. — Laiige  CuiivED  Blunt 
Pointed  Scissoes 


pointed  scissors  (fig.  81),  strabismus  hook  (fig.  93),  and, 
lastly,  a  pair  of  large  curved  blunt  pointed  scissors  (fig.  82), 
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which  may  be  used  for  division  of  the  optic  nerve.  All 
instruments  should  be  boiled  immediately  before  the 
operation  and  then  placed  in  weak  carbolic  acid  solution 
(1  in  40). 

Position. — The  patient  should  be  lying  on  his  back 
with  the  head  sHghtly  raised  and  facing  the  Ught ;  the 
operator,  standing  behind  the  patient's  head,  has  generally 
an  assistant  to  hand  the  instruments  and  to  sponge  when 
necessary. 

The  operation. — The  speculum  being  inserted  between 
the  lids,  the  conjiTnctival  sac  is  irrigated  with  warm 
distilled  water  or  boracic  acid  solution. 

Division  of  conjunctiva. — The  operator,  holding  the 
fixation  forceps  in  his  left  hand  and  the  scissors  in  his 
right,  pinches  up  with  the  forceps  a  fold  of  conjunctiva 
at  the  right-hand  side  (temporal  if  right,  nasal  if  left), 
near  the  limb  and  in  the  middle  line.  He  makes  a 
smaU  opening  in  the  fold  of  conjunctiva,  and  then, 
introducing  one  blade  through  this  opening,  he  divides 
the  conjunctiva  the  whole  way  round  the  corneal  margin, 
and  as  close  to  the  limb  as  possible.  The  complete 
division  of  the  conjunctiva  is  one  of  the  most  necessary 
steps,  and  though  it  may  be  done  in  two  or  three  cuts  of 
the  scissors,  beginners  usually  find  some  difficulty. 

The  conjunctiva  is  now  raised  with  the  forceps,  and 
the  closed  scissors  being  passed  beneath  it  are  used  to 
separate  it  gently  from  Tenon's  capsule. 

Tenotomy  stage.— Tlhe  forceps  are  now  exchanged  for 
the  hook,  by  means  of  which  the  operator  raises  the 
tendon  of  the  external  rectus,  and  divides  it  on  the 
temporal  side  of  the  hook,  so  that  the  tendon  is  left  with 
a  long  attachment  to  the  globe.  The  other  recti  are  then 
divided  between  the  globe  and  the  hook  as  close  to  the 
former  as  possible.  It  is  important  for  neat  operating, 
that  the  handles  of  the  scissors  and  hook  be  always  iu 
opposite  directions,  so  that  in  cutting  the  muscle  the 
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tendon  is  not  pushed  off  the  hook.  The  hook  is  now 
again  passed  round  the  globe  to  ensure  the  recti  and  cap- 
sular attachments  being  completely  divided. 

Dislocation  of  eyeball. —The  operator,  holding  firmly 
the  portion  of  tendon  of  the  external  rectus  by  the  fixa- 
tion forceps,  pulls  forward  the  eyeball  and  rotates  it 
inwards  so  that  the  nerve  may  be  put  on  the  stretch. 

Section  of  optic  nerve.— then  passes  the  large 
scissors  closed,  with  their  concavity  towards  the  globe, 
from  the  temporal  side,  and  with  their  closed  points  feels 
for  the  optic  nerve,  which  can  be  recognised  by  the  firm  re- 
sistance it  offers.  Having  felt  the  nerve,  the  scissors  are 
drawn  back  shghtly,  opened,  and  the  nerve  is  divided.  The 
operator,  still  holding  the  globe  by  the  forceps,  draws  it 
forwards  and  divides  the  obhqui  and  any  fascial  attach- 
ment mth  the  scissors,  and  thus  completes  the  operation. 

Another  method,  after  dividing  the  recti,  is  to  press  the 
speculum  backwards  into  the  orbit,  when  the  globe  will 
dislocate  forwards,  and,  after  dividing  the  nerve,  the  eye- 
ball is  taken  between  the  finger  and  thumb  of  the  left 
hand  and  the  operation  completed  as  above. 

This  description  is  for  the  right  eye,  and  the  only 
differences  made  in  the  case  of  the  left  eye  are  that  the 
conjunctival  incision  is  commenced  on  the  nasal  side,  the 
internal  rectus  left  long,  and  the  nerve  divided  from'  the 
nasal  side,  and  therefore,  as  in  the  right,  everything  is 
approached  from  the  right  hand  of  the  patient. 

Irrigation.— The  speculum  is  removed  and  the  orbit 
plugged  for  a  few  moments  with  a  small  sponge  to 
control  the  haemorrhage,  which  is  seldom  excessive.  The 
orbit  is  then  irrigated  and  the  hds  closed. 

Dresses.— Graduated  pads  of  absorbent  cotton  wool 
or  gauze  are  applied  with  a  firm  bandage.  It  is  seldom 
necessary  to  put  a  pad  into  the  orbit,  as  the  needful 
pressure  can  be  applied  through  the  lids. 

Complications  during  operatio7%.— The  eye,  from  injury 
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or  disease,  may  rupture,  in  which  case  the  ruptured  por- 
tion must  be  at  once  sutured,  and  the  operation  then 
proceeded  with. 

In  cases  of  excessive  hgemorrhage  from  the  back  of 
the  orbit,  the  operation  must  be  quickly  completed,  and  the 
hgemorrhage  controlled  by  carefully  packing  the  orbit 
with  graduated  pads  (the  first,  if  necessary,  may  be  wrung 
out  in  boihng  water),  combined  with  firm  bandaging. 

After  treatment.— The  patient  can  usually  get  up  on 
the  second  day.  The  dressings  are  changed  daily  and 
reapphed  in  a  similar  manner  for  three  or  four  days, 
when  a  simple  pad  and  bandage  are  sufficient,  till  about 
the  seventh  day. 

Bemote  complications— kiiex  excision  of  a  sup- 
purating eyeball,  there  is  a  risk  of  meningitis  following, 
generally  about  forty-eight  hours  after  the  operation. 

A  button  of  granulation  tissue  frequently  appears  at 
the  junction  of  the  conjunctival  edges,  and,  if  small,  may 
be  cauterised  with  nitrate  of  silver,  but  generally  is  best 
cut  off  with  scissors  under  cocaine. 

In  some  cases,  especially  where  there  has  been  much 
destruction  of  the  conjunctiva,  cicatrices  involving  the 
mucous  membrane  of  the  socket  occm',  and  may  prevent 
the  insertion  of  a  glass  eye. 

Entropion  may  follow  from  the  upper  Ud  havmg  lost 
its  support,  and  the  lashes,  turning  in,  by  their  irrita- 
tion produce  a  discharge  from  the  socket.  This  is  best 
prevented  by  keeping  in  the  orbit  a  small  oval  piece  of 
absorbent  wool  smeared  with  vaselme,  from  the  end  of 
the  first  week  till  the  artificial  eye  is  worn,  which  should 
not  be  before  the  eighth  week.  The  wool  should  be  changed 
every  day  and  should  not  be  large  enough  to  prevent  the 
edges  of  the  hds  coming  into  contact. 

When  excision  is  done  in  young  children,  the 
deformity  produced  is  always  greater  than  in  adults, 
owing  to  the  fact  that  the  orbit  on  the  injured  side  faUs 
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to  grow  (shrinking  of  orbit),  and  the  face  in  consequence 
appears  asymmetrical. 

Evisceration  is  the  removal  of  the  cornea  and 
contents  of  the  eyeball,  the  sclerotic  alone 
remaining.  Under  certain  conditions  it 
may  be  done  as  an  alternative  for  ex- 
cision, and  when  successful,  has  some 
advantages  in  its  favour. 

It  may  be  performed  in  preference 
to  excision  in  any  cases  except  malignant 
disease,  but  the  healing  process  is  much 
more  protracted. 

Operation. — Instruments  :  Speculum 
(fig.  23),  fixation  forceps  (fig.  19),  a  pair 
of  curved  scissors  (fig.  81),  a  Graefe's 
(fig.  57)  or  Beer's  knife  (fig.  20),  and  a 
Mules'  scoop  (fig.  83).  All  the  details 
of  the  operation  down  to  the  introduc- 
tion of  the  speculum  are  the  same  as  in  ? 
excision.  The  conjunctiva  is  divided  \ 
around  the  cornea  with  the  scissors  ; 
the  knife  is  introduced  at  the  sclero- 
corneal  junction  on  the  temporal  side, 
opposite  the  centre  of  the  cornea,  and  a 
counter-puncture  made  at  a  correspond- 
ing point  on  the  nasal  side,  and  the  knife 
is  then  made  to  cut  its  way  out  along  the 
sclero-corneal  junction  above. 

With  the  scissors  the  circle  of  the 
sclerotic  is  completed  below. 

The  contents  of  the  globe  are  then 
removed  by  the  scoop,  care  being  taken 
to  peel  off  the  choroid  so  that  only  the  Mules' 
sclerotic  is  left.     The  interior  of  the 
eyeball  is  washed  out,  and  after  all  haemorrhage  has 
ceased  the  edges  of  the  sclerotic  are  stitched  together, 
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and  the  conjunctiva  then  united  over  it.  In  suppurative 
cases,  the  globe  may  l:ie  packed  for  twenty-four  hours,  after 
which  the  packing  is  removed  and  the  sclerotic  allowed  to 
granulate  up. 

In  Mules'  operation,'  a  hollow  glass  ball  is  inserted 
into  the  scleral  cavity  after  evisceration,  and  the  sclerotic 
and  conjunctiva  sutured  over  it.  There  is  always  much 
chemosis  and  irritation  for  a  few  days  after  this  operation  ; 
if  the  sutures  hold,  the  stump  for  an  artificial  eye  is 
excellent. 

Abscission,  or  removal  of  the  anterior  part  of  the 
eyeball,  is  sometimes  performed  for  corneal  staphyloma, 
especially  in  young  children. 

Operation. — The  instruments  required  are  a  speculum 
(fig.  23),  fixation  forceps  (fig.  19),  Beer's  knife  (fig.  20), 
pair  of  curved  scissors  (fig.  81),  three  or  four  large  curved 
needles  threaded  with  catgut  or  silk.  The  details,  as  far 
as  the  introduction  of  the  speculum,  are  the  same  as  for 
excision. 

The  conjunctiva  around  the  corneal  margin  is  divided 
with  the  scissors,  after  which  the  anterior  part  of  Tenon's 
capsule  is  separated  from  the  sclerotic  with  the  closed 
scissors.  The  needles  are  then  passed  singly  and  at 
regular  intervals  from  above  downwards  through  the 
sclerotic,  about  2  mm.  from  the  corneal  edge,  the  counter- 
puncture  below  being  at  the  same  distance  from  the 
corneal  margin.  The  point  of  the  Beer's  knife  is  intro- 
duced in  the  sclerotic  about  3  mm.  to  the  outer  side,  and 
opposite  the  centre  of  the  cornea  ;  with  the  knife,  or  more 
easily  with  a  small  pair  of  curved  scissors,  the  sclerotic 
is  cut  all  the  way  round,  about  1  mm.  from  the  corneal 
margin,  except  at  the  inner  side,  where  the  incision  must 
extend  as  far  as  on  the  outer. 

This  intervening  portion,  with  the  remains  of  the  u'is 
and  lens  if  present,  is  now  removed,  together  with  any 
'  Trans.  Ojphth.  Soc.  vol.  v.  p.  200. 
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vitreous  in  front  of  the  needles.  The  needles  are  passed 
completely  through  the  lips  of  the  wound  from  above 
downwards,  the  sutures  tied  and  cut  short,  and  the  edges 
of  the  conjunctiva  brought  together  over  the  stump. 

The  result  is  a  movable  stump  foi"  the  artificial  eye, 
but  as  it  has  in  a  few  cases  been  followed  by  sympathetic 
ophthalmitis,  the  operation  has  fallen  somewhat  into 
disuse,  and  evisceration  is  probably  to  be  preferred. 

After  all  these  operations,  an  artificial  eye  (fig.  84)  is 
ordered  when  the  socket  is  free  from  inflammation  ;  but 
at  the  earliest  this  should  not  be 
before  two  months.    The  artificial  ^^f^S™!!!' 


eye  should  be  taken  out  every 
night,  and  should  be  exchanged  for 
a  new  one  about  every  nine  months, 
as  the  surface  and  edges  become 
roughened.    Very  few  people  can 


bear  the  eye  continuously  for  a  long  ^4.  -AETinciAi 

period,  and  whenever  the  socket 

appears  inflamed,  the  eye  must  be  discontinued  for  a  time 
and  boracic  acid  or  other  lotion  used. 

If  the  socket  will  not  tolerate  an  eye  of  a  size  to 
correspond  with  the  sound  eye,  this  difference  may  be 
rendered  less  conspicuous  by  the  patient  wearing  glasses 
with  a  convex  lens  on  the  side  of  the  artificial  eye. 
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CHAPTEE  XXI 

AFFECTIONS  OF  THE  OCULAE  MUSCLES 

Anatomy  and  physiolog-y.— The  extrinsic  muscles 
of  the  eyeball  consist  of  the  four  recti  and  tM^o  obliqui, 
which  have  their  origin  from  the  bony  walls  of  the  orbit 
and  are  inserted  into  the  sclerotic.  The  recti  (superior, 
inferior,  internal,  and  external)  are  directed  straight  for- 
wards, and  arise  by  a  more  or  less  circular  ring  around 
the  optic  foramen,  the  external  having  a  second  head  of 
origin  from  the  lower  margin  of  the  sphenoidal  fissure. 
In  their  direction  forward,  they  form  a  muscular  sheath 
for  the  optic  nerve  and  the  posterior  part  of  the  eyeball, 
being  united  together  by  the  capsule  of  Tenon.  The 
external  and  internal  recti  have  a  median  insertion  into 
the  sclerotic,  the  external  being  situated  farther  back  than 
the  internal ;  the  insertion  of  the  superior  rectus  is  some- 
what oblique,  and  nearer  the  external  rectus  than  the 
internal. 

The  superior  obhque  arising  above  the  optic  foramen 
passes  to  its  pulley  at  the  superior  inner  angle  of  the 
orbit,  and  then  is  directed  outwards  between  the  superior 
rectus  and  the  sclerotic.  The  inferior  oblique  rises  from 
the  superior  maxillary  bone,  and,  passing  below  the 
inferior  rectus,  is  inserted  between   the  inferior  and 

external  recti.  •  -j  j 

The  capsule  of  Tenon  ^  or  fascia  of  the  orbit  is  divided 

'  Lockwood,  Anatoviy  of  the  Muscles,  Ligaments,  mid  Fascue  of 
the  Orbit.    Journ.  Anat.  and  Phys.  vol.  xx.  p.  1. 
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into  an  extenical  and  internal  layer.  The  external  gives 
prolongations  to  the  extrinsic  muscles,  hinding  them 
together  and  attaching  the  internal  rectus  to  the  lachry- 
mal bone,  and  the  external  rectus  to  the  malar  by  the 
so-called  check  ligaments.  A  thickening  of  the  capsule 
below  forms  the  suspensory  ligament  of  the  eyeball.  The 
,  internal  layer  surrounds  the  sclerotic,  forming  the  ex- 
ternal boundary  of  the  lymph  space  separating  it  from 
the  sclerotic,  and  thus  forms  a  socket  in  which  the  eyeball 
can  rotate  without  friction.  The  tendons  of  the  extrinsic 
muscles  pierce  the  internal  layer  immediately  before  their 
insertion  into  the  sclerotic. 

Nerve  sujjply. — The  superior,  internal,  and  inferior 
recti  and  the  inferior  oblique  muscles  are  supplied  by  the 
third  nerve,  and  have  their  nuclear  origin  in  the  aqueduct 
of  Sylvius.  It  is  important  to  remember  that  the  superior 
division  of  the  third  nerve  supplies  the  superior  rectus 
and  the  levator  palpebrae,  and  that  the  inferior  division, 
besides  supplying  the  other  muscles,  gives  motor  nerves 
to  the  pupillary  and  ciliary  muscles.  The  superior  oblique 
is  supplied  by  the  fourth  nerve  from  a  nucleus  in  the 
Sylvian  aqueduct  below  the  third,  and  the  external  rectus 
by  the  sixth  nerve,  its  nucleus  being  in  the  upper  part  of 
the  fourth  ventricle. 

The  ocular  movements  are  represented  in  the  frontal 
area  of  the  cortex,  and  as  yet  have  been  found  to  be 
binocular. 

Action  of  the  nmscles. — The  eyeball  is  rotated  round 
an  immobile  centre,  one  milhmetre  behind  the  centre  of 
the  eye,  by  its  six  extrinsic  muscles.  The  initial  position 
of  the  eye  at  rest  is  taken  with  the  head  erect  and  the 
eyes  directed  straight  forwards  and  looking  to  a  distant 
point.  From  this  position,  the  muscles  may  be  described 
as  acting,  either  singly  or  in  combination,  by  rotation 
round  a  vertical,  horizontal,  or  oblique  axis.  The  internal 
rectus  rotates  the  eye  inwards  (nasal  side)  and  the  external 
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rectus  outwards  (temporal  side).  The  superior  rectus 
rotates  the  eye  upwards  and  inwards,  and  the  inferior 
rectus  downwards  and  inwards.  The  supex'ior  oblique 
rotates  it  downwards  and  outwards  and  the  inferior 
oblique  upwards  and  outwards. 

It  will  be  seen  from  the  foregoing  that  the  direct 
external  movement  of  the  eye  is  by  the  external  rectus, 
the  internal  by  the  internal  rectus,  the  upward  by  the 
superior  rectus  and  inferior  oblique,  and  the  downward 
by  the  inferior  rectus  and  superior  oblique.  The  inter- 
mediate movements  are  by  combinations  of  the  different 
muscles. 

Field  of  fixation.— The  limit  of  the  different  move-  • 
ments  of  the  eyeball  when  the  head  is  fixed  is  called  the 
field  of  fixation,  and  can  be  best  estimated  by  the  peri- 
meter (fig.  14).  The  patient  is  placed  so  that  the  eye, 
the  movements  of  which  are  to  be  tested,  is  opposite  the 
centre  of  the  instrument,  and,  the  arc  being  at  first  hori- 
zontal, he  is  told  to  follow  the  observer's  finger  as  far  as  he 
can  along  it.  Whilst  he  still  fixes  the  finger,  a  candle  is 
moved  along  the  arc,  and,  when  the  corneal  reflex  of  the 
flame  is  seen  to  be  in  the  middle  of  the  pupil,  the  number 
of  degrees  at  which  the  candle  stands  is  read  off,  and  is  the 
measure  of  the  greatest  movement  in  that  direction.  In 
the  same  way  the  extent  of  the  movements  is  taken  m 
the  other  directions.  In  the  normal  eye,  it  will  be  found 
to  be  45°  upwards,  55°  downwards,  45°  inwards,  and  47° 
outwards. 

Co-ordinated  movements.— The  actions  of  the 
muscles  of  the  eyeball  aheady  described  are  for  each  eye 
singly,  but  after  the  early  months  of  infancy  the  two  eyes 
are  associated  in  certain  definite  conjugate  movements. 
These  movements  become  involuntary,  and  it  is  very 
seldom  and  only  after  long  practice,  that  a  person  can 
voluntarily  move  one  eye  without  the  other  accompanynig 
it.    These  co-ordinate  or  conjugate  movements  take  place 
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either  with  the  visual  axes  parallel  to  one  another,  or  with 
the  axes  inclined  towards  one  another  and  meeting  at  a 
point  in  front  of  the  eye  (convergence).  The  origin  and 
reason  for  these  movements  are  due  to  the  desire  for 
fusion  and  the  maintenance  of  binocular  vision. 

Binocular  vision  is  the  faculty  the  eyes  possess  of 
working  together  in  such  a  way  that  an  object  can  be 
focussed  on  corresponding  parts  of  each  retina,  and  thus 
perceived  as  a  single  object  by  the  brain. 

In  looking  with  both  eyes  at  an  object  within  the 
range  of  binocular  vision,  its  image  is  received  on  the 
retina  of  each  eye,  and  to  be  seen  quite  clearly  it  should 
fall  on  the  macular  region. 

As  has  been  already  said,  the  parts  of  the  retina  of  one 
eye  are  represented  in  the  other  eye  by  corresponding 
areas,  and  the  stimulation  of  corresponding  points  in  these 
areas,  gives  rise  to  a  single  sensation.  The  macule  in 
both  eyes  are  corresponding  areas,  and  the  right  side  of 
the  yellow  spot  in  one  eye  corresponds  to  the  right  side 
in  the  other.  In  the  same  way,  the  left  sides  correspond, 
and  also  the  upper  part  of  one  to  the  upper  of  the  other 
and  the  lower  to  the  lower. 

Tests  for  binocular  vision.—The  simplest  test,  which 
has  also  the  great  advantage  of  being  applicable  for 
distant  or  near  vision,  is  to  direct  the  patient  to  look  at 
some  print,  and  at  the  same  time  to  hold  a  penholder 
vertically  in  the  middle  Hne  a  short  distance  in  front  of 
his  nose.  If  he  can  now  with  both  eyes  open  read  the 
whole  of  the  print,  binocular  vision  is  present ;  but  if  some 
of  the  letters  or  words  are  blotted  out  by  the  penholder, 
only  one  eye  is  being  used. 

Another  test  (Snellen's)  is  by  means  of  a  glass  slide 
with  transparent  letters,  alternately  red  and  green.  The 
patient,  wearing  spectacles  with  a  red  glass  on  one  side 
and  a  green  glass  on  the  other,  is  directed  to  look  at  the 
slide,  and  if  he  reads  all  the  letters  his  vision  is  binocular ; 
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if  using  but  one  eye,  he  will  only  see  letters  of  the  colour 
corresponding  to  the  glass  before  that  eye. 

Hering's  test.  The  patient  looks  through  a  box 
shaped  like  a  stereoscope,  about  18  inches  long,  at  a 
thin  wire  or  string  stretched  horizontally  across  the  end. 
Marbles  are  dropped  close  to  the  string,  and  the  patient 
is  asked,  as  each  one  falls,  whether  it  is  on  the  near  or 
far  side  of  the  string.  If  using  iDoth  eyes  together,  his 
answers  will  be  correct,  but  if  using  only  one  eye,  he  will 
make  frequent  mistakes. 

If  a  prism  of  6°  with  the  base  outwards  or  inwards  is 
placed  in  front  of  one  eye,  whilst  the  other  is  looking  at  an 
object,  and  the  eye  with  the  prism  in  front  of  it  moves 
inwards  or  outwards  without  any  movement  of  the  other 
eye,  binocular  vision  is  probably  present. 

The  parallel  conjugate  movements  are  lateral,  vertical, 
or  oblique,  and  may  in  consequence  take  place  in  every 
direction. 

The  vertical  movements  are  effected  by  the  same 
named  muscles  in  either  eye,  and  therefore  the  same 
nerves  are  brought  into  play.  The  elevation  of  both 
eyes  brings  into  play  the  superior  recti  and  the  inferior 
obhques  ;  their  depression,  the  inferior  recti  and  superior 
obliques.  The  horizontal  or  lateral  movements  are 
produced  by  the  external  rectus  of  one  eye  and  the 
internal  rectus  of  the  other— that  is,  on  looking  to  the  right 
by  the  muscles  on  the  right  of  each  eye,  and  to  the  left 
by  those  on  the  left. 

These  lateral  movements,  which  are  the  most  used 
of  the  conjugate  deviations,  are  effected  by  the  co- 
ordination of  the  sixth  nerve  supplying  the  external 
rectus  of  one  eye,  and  the  third  the  internal  rectus  of  the 
other.  They  have  their  centre  in  the  cerebral  cortex 
situated  on  the  opposite  side  to  the  direction  of  the 
movements,  and  being  the  most  powerful  of  the  conjugate 
deviations,  were  the  only  ones  noted  till  lately  in  expen- 
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ments  on  the  cortex.  Eisien  Eussell '  has,  however,  shown 
that  other  binocular  movements,  including  convergence, 
are  present,  and  can  be 
evoked  by  stimulation  of  the 
cortex  if  the  conjugate  lateral 
movements  are  excluded. 

The  other  associated 
movements  are  those  of  con- 
vergence, in  which  there  is 
approximation  of  the  visual 
axes  in  front. 

Converg-ence  is  the 
power  the  eyes  possess,  by 
means  of  the  internal  recti,  of 
taking  up  a  position  so  that 
the  visual  axes  may  simul- 
taneously impinge  on  an 
object  in  front  of  the  eyes 
situated  at  a  distance  less 
than  infinity.  When  the  eyes 
are  directed  to  an  infinite 
distance,  the  visual  axes  are 
parallel  (fig.  85,  l  p,  r  p'), 
and  hence  there  is  no  con- 
vergence ;  but  within  this  dis- 
tance the  nearer  the  object 
fixed  is  situated,  the  greater 
the  effort  of  the  internal  recti. 


L  M  P 

When  the  eyes  are  directed  Fig-  85.— Diagram  illustbating 
to  an  object  in  the  middle  Convebgence 
line,  the  convergence  is  effec- 
ted, as  a  rule,  by  an  equal 
contraction  of  each  internal 
rectus,  but  if  the  eyes  are 
turned  sideways  and  then  view  a  near  object,  the  major 

'  'Experimental  Investigations  of  Eye  Movements,'  Journal  of 
Fhysiolofjy,  xvii.  p.  1  and  p.  377. 


L,  E,  left  aud  right  eye;  LMR,  base 
line  or  distance  between  the  eyes  ; 
L  P,  E,  P',  fixation  lines  for  parallel 
rays;  LOE,  convergence  angle  of 
both  eyes  for  1  metre ;  L  0'  R,  for 
•5  metro,  and  L  0"  R  for  -25  metre. 
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part  of  the  convergence  falls  on  the  muscle  of  one  eye. 
The  eyes  naturally  converge  sHghtly  on  looking  down- 
wards, and  diverge  on  looking  upwards. 

The  visual  axes  meeting  at  the  object  form  an  angle 
called  the  angle  of  convergence  (see  fig.  85),  and  the  amount 
of  convergence  power  used  can  be  measured  by  this  angle. 
Nagel  has  arranged  a  scheme  for  measuring  this  power, 
and  takes  as  his  standard  the  metre  angle  (m.a.),  which 
is  the  amount  of  convergence  effected  by  each  eye  for 
the  distance  of  one  metre.  This  is  a  very  convenient 
form,  and  brings  the  measurement  of  the  convergence 
power  into  close  relation  with  that  of  the  accommodation  ; 
thus,  a  convergence  for  half  a  metre  is  denoted  as  2  m.a., 
and  for  a  quarter  metre  as  4  m.a.  The  association  of  con- 
vergence and  accommodation  is  considered  later  on  (p.  369). 

The  convergence  power  may  be  estimated  by  finding 
the  strongest  prism  with  base  outwards  which  can  be 
overcome  without  producing  crossed 
diplopia,  and  this  may  be  effected  by  a 
prism  before  one  eye  or  weaker  prisms 
before  both  eyes. 

A  very  convenient  method  is  by 
means  of  the  ophthalmo-dynamometer 
(fig.  86)  of  Landolt,  which  consists  of  a 
hollow  metal  cylinder  arranged  to  fit  on 
a  candle ;  its  sides  are  perforated  by 
slits  and  rows  of  dots.  To  use  the  instru- 
ment, it  is  placed  over  a  hghted  candle 
and  held  immediately  in  front  of  the 
patient's  face,  and  he  is  told  to  look  at 
one  of  the  slits  and  approach  till  he  sees  the  sHt  double  ; 
this  distance,  read  off  on  a  tape  measure,  is  the  near 
point  of  convergence,  and  from  the  number  of  centi- 
metres the  metre  angle  is  estimated.  Thus,  if  he  sees 
double  at  10  cm.,  the  .amount  of  his  convergence  power 
10  m.a.    Another  method  is  by  Maddox  rod  test. 


Fig.  86. 

Ophthalmo- 
Dynamometek 
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Most  people  have  the  power  of  slight  divergence 
(negative  convergence)  in  addition  to  positive  convergence, 
and  this  can  be  measured  by  placing  prisms  before  one 
eye,  with  their  bases  towards  the  nose,  and  ascertaining 
the  strongest  prism  which  the  patient  can  overcome 
without  diplopia. 

A  better  plan  is  by  Landolt's  double  prisms,  as 
on  this  instrument  is  a  scale  marking  the  metre  angles 
corresponding  to  the  strength  of  the  prism  used.  The 
usual  amount  is  about  1  m.a.,  and  this,  added  to  the 
positive  convergence  found,  gives  the  amplitude  of  con- 
vergence. In  a  normal  case,  the  positive  would  be  10  m.a. 
and  the  negative  1-5  m.a.,  so  that  the  total  convergence 
would  be  11'5  m.a. 

Insufficiency  of  cbnverg-ence  power  is  frequently 
met  with,  and  may  amount  in  rare  cases  to  total  loss  of 
convergence,  though  the  lateral  associated  movements  of 
the  internal  recti  appear  normal. 

The  symptoms  are  those  of  asthenopia  (muscular)— 
namely,  fatigue  of  the  eyes  for  near  work,  diplopia,  head- 
ache, neuralgia,  and  even  vertigo.  It  can  be  diagnosed 
by  measuring  the  amount  of  convergence  by  the  oph- 
thahno-dynamometer  (fig.  86),  or,  roughly,  by  making 
the  patient  fix  the  observer's  finger,  and  noting,  as  it  is 
approached  to  the  eyes,  the  distance  at  which  one  eye 
gives  up  fixing  and  deviates  outwards. 

It  is  usually  associated  with  myopia,  but  may  be 
present  in  emmetropia  or  hypermetropia,  and  is  found 
as  a  sequela  of  diphtheria  and  in  anemia. 

Treatment.— In  all  cases  the  general  health  must  be 
carefully  attended  to,  and  rest  ordered  for  the  eyes.  Any 
error  of  refraction  must  be  corrected,  and  in  myopes  the 
use  of  concave  glasses  for  reading  is  generally  advisable. 
Decentring  the  glasses,  so  as  to  give  them  a  weak  pris- 
matic action,  sometimes  reheves  the  symptoms ;  if  convex 
they  should  be  decentred  inwards,  and  if  concave,  out- 


336       OPHTHALMIC  SURGERY  AND  MEDICINE 


wards.    In  some  cases,  prisms  with  their  bases  inwards 
(towards  the  nose)  may  be  ordered. 

FaiUng  these  methods,  recourse  must  be  had  to 
operation,  either  by  advancing  one  or  both  internal  recti, 
by  tenotomy  of  the  external  recti,  or  by  combination  of 
tenotomy  of  an  external  rectus  with  advancement  of  an 
internal.  For  my  own  part,  I  much  prefer  advancement 
of  an  internal  rectus  to  a  tenotomy  in  these  cases,  but 
great  care  is  necessary  to  ensure  that  the  new  attachment 
of  the  muscle  should  be  correctly  placed. 

Strabismus  (o-rpa^tcr/xos,  squinting)  or  squint  is 
the  condition  present  when  the  visual  axes  of  the  two 

eyes  are  not  directed  si- 
multaneously on  the  same 
object :  thus,  if  one  eye  fixes 
an  object,  the  visual  axis  of 
the  other  does  not  meet  at 
the  object  (figs.  87,  88). 

The  consequence  oi\  this 
condition  is  that  the  yellow 
spot  region  of  both  eyes  does 
not  receive  the  image  of  the 
object,  and  hence  binocular 
vision  is  impossible  and  dip- 
lopia occurs.    The  diagram 
(fig.  87)  shows  the  position 
of  the  double  image  in  con- 
vergent  strabismus.  The 
right  eye  is  fixing  the  object  a,  and  its  visual  axis  A  m  passes 
through  the  macula  M  and  the  object  A.    The  left  eye  is 
squinting  inwards,  and  its  visual  axis  is  directed  m  b 
The  object  a  will  by  the  left  eye  be  received  on  a  part  ot 
the  retina  to  the  nasal  side  of  the  macula  m',  and  as  this 
portion  of  the  retina  has  been  associated  always  with 
vision  of  external  objects  on  the  temporal  side  of  the  fixa- 
tion point,  therefore  the  object  A  is  seen  by  the  left  eye 


ElG.  87. — DiAGBAM  IlLUSTBATING 

Diplopia  in  Conveegent  Stba- 

BISMUS 
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at  a',  and  thus  diplopia  is  produced — the  false  image  being 
to  the  left  side  of  the  object  A  seen  by  the  right  eye  and 
therefore  hovionymous.  As  the  false  image  falls  on  a  part 
of  the  retina  to  the  side  of  the  yellow  spot  it  is  not  seen 
as  plainly  as  the  true  image  in  the  right  eye. 

In  external  (divergent  strabismus)  (fig.  88)  by  the 
same  reasoning  the  image  of  a  in  the  left  eye  falls  on  the 
temporal  side  of  the  yellow  spot,  and  is  projected  to  the 
nasal  side  of  the  field 

— that  is,  towards  the         •  ■  - 

right,  and   hence  the 
diplopia  is  crossed. 

In  similar  way  in  an 
upward  squint  the  false 
image  is  heloio,  and  in  a 
downward  above. 

In  all  these  cases, 
the  greater  the  devia- 
tion of  the  eye,  the 
farther  apart  the  images 
and  the  less  distinct  the 
false  image. 

Diplopia  (S67rXoos, 
double  ;  wi//-,  eye)  is  not 
always  present  in  strabismus  and  is  rarely  so  in  con- 
comitant cases  that  have  lasted  for  some  time,  as  the  false 
image  becomes  suppressed.  In  extreme  cases  it  is  absent, 
probably  from  the  false  image  being  so  faint. 

Certain  terms  are  used  in  connection  with  squint  ;  thus 
the  eye  directed  towards  the  object  looked  at  is  known  as 
the  fixing  eye,  and  the  eye  deviating  from  the  object  is 
called  the  squinting  eye. 

In  most  cases,  the  patient  uses  the  same  eye  always  for 
fixation,  and  the  amount  of  deviation  in  the  squinting  eye 
is  then  known  as  .the  primary  deviation.  If  in  such"  a 
case,  the  patient  is  made  to  fix  an  object  with  the  squint- 


Fig.  88. — Diagram  iiiLusTEATiNo 
Diplopia  in  Divergent  Strabismus 
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ing  eye,  the  original  fixing  eye  deviates  and  this  is  called 
the  secondary  deviation. 

Thus  if  a  patient  squints  with  his  left  eye,  the  primary 
deviation  is  in  the  left,  and  the  secondary  in  the  right. 

Detection  of  squint.— In  most  cases  it  is  obvious 
which  is  the  squinting  eye,  but  in  others  it  is  difficult, 
especially  for  beginners,  to  decide  whether  there  is  a 
squint  at  all,  and  if  present,  in  which  eye  it  is  situated. 
The  squint  can  be  detected  in  the  following  manner  :  the 
patient  is  told  to  fix  a  small  object  held  about  18  inches 
distant  immediately  in  front  of  his  face  ;  the  observer  chen 
holds  a  card  in  front  of  the  apparently  squinting  eye,  to 
satisfy  himself  that  the  uncovered  eye  is  fixing  the  object ; 
if  the  uncovered  eye  remains  stationary  no  squint  can 
be  present  in  that  eye.    The  other  eye  is  now  uncovered, 
and  the  patient  again  told  to  look  steadily  at  the  object ; 
the  card  is  then  placed  in  front  of  the  first  eye  and  the 
second  eye  watched  carefully  for  any  movement ;  if  it 
remains  stationary  there  is  no  squint,  bvit  if  the  eye  moves 
to  take  up  a  fresh  position  it  could  not  have  been  fixing 
before,  a  squint  is  therefore  present.    If  the  movement 
was  inwards  the  squint  was  of  course  divergent  and  rice 
cersd     Upon  removing  the  card,  the  squinting  eye  m 
most  cases  will  move  back  again  to  its  original  position 
if  not  at  once,  certainly  after  winking,  but  m  cases  ot 
alternating  strabismus,  the  patient  is  able  to  mamtam 

fixation  in  either  eye.  n    ,    i  • 

MetJiods  of  estimating  sqtiint.—The  amount  of  strabis- 
mus may  be  estimated  in  several  ways,  and  it  is  important 
to  remember  that  the  head  must  be  always  kept  erect, 
straight  and  motionless. 

The  simplest  method  is  to  make  a  mark  on  the  lower 
lid  of  the  squinting  eye  immediately  below  the  centre  of 
the  pupil,  and  on  now  making  the  squinting  eye  become 
the  fixing,  a  similar  mark  is  made  below  the  centre  of  he 
pupil  and  the  difference  between  these  two  marks  is  the 
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amount  of  the  squint.  This  method  is  more  easily  carried 
out  by  means  of  the  strabismometer  (fig.  89), which  is  placed 
below  the  lower  lid,  and  the  amount  of  deviation  read  off. 

The  best  method  is  to  estimate  the  angle  of  the  squint 
by  means  of  the  perimeter  (fig.  14). 

This  is  done  by  placing  the  patient  in  front  of  the 
perimeter,  so  that  the  fixing  eye  is  in  the  middle  of  the 
instrument,  and  is  looking  in  the 
direction  of  and  beyond  the  white 
button.    The   quadrant  is  now 
adjusted  in  the  line  of  vision  of 
the  squinting  eye  (with  an  in- 
ternal squint  it  will  be  on  the 
opposite  side  to  the  squinting  eye 
and  with  an  external  squint  on  the 
same  side).  A  small  candle  flame 
is  moved  along  the  limb  of  the 
quadrant,  the  observer  keeping  his 
own  eyes  in  a  line  with  the  candle 
and  the  squinting  eye.  An  upright 
image  of  the  candle  flame  will  be 
seen  on  the  cornea  of  the  squint- 
ing eye,  and  when  this  image  is 
exactly  in  the  middle  of  the  pupil, 
the  position  of  the  candle  on  the 
quadrant  is  noted  and  the  number 
of  degrees  read  off;  this  is  the 
angle  of  the  primary  squint. 

The  secondary  squint  can  be 
estimated  in  a  similar  manner, 
but  it  is  often  difficult  to  obtain 
accurately  owing  to  the  patient's 
inability  to  fix  the  button  of  the  perimeter  w^ith  the  primary 
squinting  eye. 

Squints  may  be  divided  clinically  into  paralytic  and 
concomitant. 


Fig.  89. — Steabismometee 
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A  paralytic  squint  is  caused  by  loss  of  power, 
complete  or  partial,  of  one  or  more  of  the  extrinsic  ocular 
muscles  owing  to  disease  of  the  nerve  supply,  or  to  injury 
or  interference  with  the  action  of  the  muscles,  and  is 
distinguished  by  the  following  symptoms. 

The  primary  deviation  of  the  affected  eye  is  generally 
apparent,  but  may  be  only  visible  when  movements  are 
attempted  in  the  direction  of  the  paralysed  muscle,  and 
is  exactly  in  the  opposite  direction  to  the  normal  action 

of  that  muscle. 

The  secondary  deviation  produced  in  the  sound  eye, 
when  fixing  with  the  affected  eye,  is  always  in  the  corre- 
sponding direction,  and  is  greater  than  the  primaiy  one ; 
this  latter  is  one  of  the  chief  differences  between  a  paralytic 
and  a  concomitant  squint.  It  is  due  to  the  fact  that  the 
extra  stimulus  necessary  to  enable  the  paralysed  eye  to 
take  up  its  position  of  fixation,  being  simultaneously  trans- 
mitted to  the  associated  muscle  of  the  sound  eye,  produces 
an  exaggerated  action  of  this  muscle,  resulting  m  a  greater 

degree  of  squint.  _ 

The  defective  movement  of  the  eye  is  m  the  direction 

-  of  action  of  the  paralysed  muscle. 

Diplopia  is  nearly  always  present,  and  must  be  care- 
fully mapped  out. 

Method  of  testing  for  diplopia.-The  patient  sea  ed  m 
a  chair,  should  be  facing  a  candle  placed  on  a  level  with 
his  eyes  at  3  metres  distance,  and  should  hold  a  piece 
of  red  glass  in  front  of  one  eye.    He  is  told  to  look  at  the 
candle,  and  if  two  images  of  the  flame  (one  red  and  the 
other  the  usual  colour)  are  seen,  then  by  closing  either 
eye,  observing  which  image   disappears  and  also  he 
relative  position  of  the  images,  the  patient  can  inform  the 
observer  whether  the  diplopia  is  homonymous  or  crossed 
He  should  then  be  asked  how  far  the  images  appear  distant 
from  each  other,  whether  they  are  on  the  same  or  on  a 
different  level,  and  also  if  they  are  erect  or  mclmed.  This 
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is  noted  down  in  the  central  space  of  a  diagram  composed 
of  two  vertical  and  two  horizontal  lines,  forming  nine 
spaces,  as  in  fig.  91.  The  observer,  standing  behind  the 
patient's  head,  moves  it  slightly  to  the  right  and  then  to 
the  left,  noting  the  images  in  the  proper  spaces  in  the 
diagram.  In  the  same  manner,  raising  the  patient's  head 
and  afterwards  depressing  it,  the  diplopia  is  investigated 
in  three  positions  above  and  three  below. 

Another  and  more  usual  method,  giving  the  same 
results,  is  for  the  patient  to  keep  his  head  fixed  in  one 
position,  while  the  observer,  holding  a  candle  3  metres 
in  front  of  him,  moves  it  in  the  nine  positions,  so  that  the 
diplopia  is  mapped  as  before. 

The  false  image  is  situated  in  the  direction  of  the 
normal  action  of  the  paralysed  muscle,  that  is  exactly 
opposite  to  the  deviation  of  the  cornea  ;  it  is  homonymous 
(on  the  same  side)  if  the  false  image  is  projected  to  the 
temporal  side,  and  crossed  if  to  the  nasal  side. 

The  distance  between  the  images  increases  in  the 
direction  of  action  of  the  muscle  paralysed,  and  diminishes, 
or  is  even  lost,  in  the  opposite  direction. 

Patients  frequently  keep  one  eye,  as  a  rule  the  affected 
one,  closed  to  avoid  the  diplopia. 

Giddiness  and  unsteadiness  of  gait,  if  both  eyes  are 
open,  may  be  due  to  the  confusion  produced  by  the  double 
images,  or  to  the  false  projection.  These  symptoms,  how- 
ever, probably  result  from  the  fact  that  the  finely  adjusted 
extrinsic  muscles  of  the  eyeball  form  one  of  the  factors 
governing  the  equilibrium  of  the  body,  and  hence  can  be 
produced  by  any  upset  of  this  equiUbrium,  as  by  paralysis 
of  a  muscle. 

False  projection  is  the  erroneous  perception  the  patient 
has  of  the  relation  existing  between  himself  and  surround- 
ing objects,  and  is  the  result  of  the  increased  innervation 
distributed  along  the  nerve  of  the  paralysed  muscle  in 
the  effort  to  make  it  work.    It  is  equal  to  the  difference 
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between  the  primary  and  secondary  deviation  ;  thus,  if  the 
primary  squint  is  20°  and  the  secondary  35",  the  false 
projection  is  15°.  It  is  demonstrated  by  closing  the  sound 
eye  and  suddenly  telling  the  patient  to  touch  an  object 
in  front  of  him,  when  instead  of  doing  this  he  will  direct 
his  finger  to  the  side  of  the  object  corresponding  to  the 
paralysed  muscle. 

Inclination  of  head— The  patient  turns  his  head  in 
the  direction  of  the  paralysed  muscle  in  order  to  avoid 
the  discomfort  of  the  diplopia. 


NaS  A  L 

(crossed) 


S.R. 

\ 


Temporal 

(homonymous) 


Inf.O. 


Int.R. 


Inf.R. 
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■E.R. 


\ 
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Fig  90  — Diagbam  showing  the  Position  of  the  False  Image 
IN  OcuLAK  Pabalysis.   The  Shaded  Candle  in  Centre  denotes 
THE  Image  seen  by  the  Sound  Eye,  and  the  Unshaded  Candles 
THE  False  Images 
S  R   Int  B   luf  B.,  E.  K.,  superior,  internal,  inferior  and  external  recti ; 
■'      ■  s.  0.,  Inf.  0.,  superior  and  inferior  oblique. 

In  the  following  descriptions  the  term  '  paralysed  side ' 
is  used  to  denote  the  side  of  the  body  corresponding  to 
the  affected  eye,  the  opposite  side  being  designated  the 
'  sound  side.' 

Varieties  of  paralyses.  External  rectus  (bixtli 
Nerve).— This  is  the  most  common  of  the  ocular  palsies, 
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Fig.  91. — Field  of  Diplopia 
IN  Pakalysis  of  Eight 
External  Eectus 


probably  from  the  long  course  of  the  sixth  nerve.  The 
signs  are  convergent  strabismus  and  limitation  of  outward 
movement ;  homonymous  diplopia,  as  in  diagram  (fig.  91 
and  90  E.E.),  the  images  being  on  the  same  level,  erect 
and  parallel,  except  above  and  below  in  the  extreme  of 
the  field,  and  increasing  in  distance  from  one  another 
as  the  eye  is  moved  towards  the 
paralysed  side ;  the  false  pro- 
jection is  towards  the  paralysed 
side  ;  the  face  is  turned  towards 
the  paralysed  side. 

Internal  rectus. — The  signs 
are  divergent  strabismus  and 
limitation  of  inward  movement 
(towards  the  sound  side) ;  crossed 
diplopia  (fig.  90,  Int.  E.),  the 
images  being  on  the  same  level, 
erect  and  parallel,  and  under- 
going greater  separation  towards  the  sound  side ;  the 
false  projection  is  towards  the  sound  side  ;  the  face  is 
turned  towards  the  sound  side. 

Superior  rectus. — The  primary  deviation  is  downwards 
and  to  the  paralysed  side,  and  the  limitation  of  the  move- 
ment upwards  and  to  the  sound  side ;  crossed  diplopia 
(fig.  90,  S.E.)  in  the  upper  field,  the  false  image  being 
above  the  other,  and  inclined  upwards  towards  the  nasal 
side,  the  greatest  separation  being  on  looking  upwards 
towards  the  paralysed  side  ;  the  false  projection  upwards 
and  towards  the  sound  side ;  the  face  is  directed  upwards 
towards  the  sound  side,  and  inclined  towards  the  shoulder. 

Inferior  rectus. — The  primary  deviation  is  upwards 
and  towards  the  paralysed  side,  and  the  Hmitation  of  the 
movement  is  downwards  and  towards  the  sound  side ; 
crossed  diplopia  (fig.  90,  Inf.  E.)  in  the  lower  field,  the 
false  image  being  below  and  inclined  downwards  towards 
the  nasal  side,  the  greatest  separation  being  on  looking 
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downwards  towards  the  paralysed  side  ;  the  false  pro- 
jecbion  is  downwards  and  towards  the  sound  side,  and 
the  face  is  directed  downwards  towards  the  sound  side, 
and  inclined  towards  the  shoulder  of  the  paralysed  side. 

Inferior  ohlique. — The  primary  deviation  is  downwards 
and  towards  the  sound  side,  and  the  limitation  of  movement 
upwards  and  towards  the  paralysed  side  ;  homonymous 
diplopia  (fig.  90,  Inf.  0.),  the  false  image  being  above  the 
other,  and  inclined  upwards  and  towards  the  temporal 
side,  greatest  separation  being  upwards  and  towards  the 
sound  side;  the  false  projection  is  upwards  and  towards 
the  paralysed  side ;  the  face  is  directed  upwards  towards  the 
paralysed  side,  and  inclined  towards  the  same  shoulder. 

Superior  oblique.  Fourth  Nerve. — The  primary  de- 
viation is  upwards  and  towards  the  sound  side,  and  the 
limitation  of  movement  is  downwards  and  towards  the 
paralysed  side.  Homonymous  diplopia  (tig.  90,  S.O.)  in 
the  lower  half  of  the  field,  the  false  image  being  below 
and  to  the  paralysed  side,  and  inclined  downwards  and  to 
the  sound  side,  the  vertical  distance  between  the  images 
increased  on  looking  down  towards  the  sound  side  ;  the 
false  projection  is  downwards  and  towards  the  paralysed 
side ;  the  face  is  directed  downwards  and  towards  the 
paralysed  side,  and  inclined  towards  the  sound  shoulder. 
The  patient  complains  of  gxeat  difficulty  in  walking, 
especially  downstairs. 

It  will  be  seen  from  the  foregoing  that  most  of  the 
signs  are  in  the  direction  of  the  normal  action  of  the 
paralysed  muscle.  These  include  the  limitation  of  move- 
ment of  the  eyeball,  the  false  image  and  increase  in 
distance  between  the  images,  the  false  projection,  direction 
of  face,  and  inclination  of  the  head. 

In  the  opposite  direction  are  only  the  position^  of  the 
eye  (squint)  and  the  diminution  or  absence  of  the  diplopia. 

Paralysis  of  the  third  nerve  is  characterised  by  com- 
plete ptosis ;  on  raising  the  upper  lid  there  is  divergent 
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strabismus  with  limitation  of  the  upward,  downward,  and 
inward  movements,  and  the  eyeball  is  slightly  protruded 
owing  to  the  paralysis  of  the  recti ;  the  diplopia  is 
crossed,  the  false  image  being  a  little  inclined  at  its 
upper  extremity  to  the  paralysed  side,  the  false  projection 
is  to  the  sound  side,  and  the  face  is  directed  upwards 
towards  the  sound  side  and  inclined  to  the  shoulder  of  the 
paralysed  side. 

The  other  signs  are  moderate  dilatation  of  the  pupil, 
which  is  inactive  to  the  light,  accommodation,  and  sensory 
reflexes,  and  paralysis  of  accommodation. 

Causation. — The  exact  lesion  in  ocular  paralysis  is 
frequently  impossible  to  diagnose  in  the  absence  of  other 
symptoms.  Cases  may  be  divided  anatomically  into  (1) 
Cerebral,  which  may  affect  the  nuclei  of  origin,  the  pontine 
fibres  and  their  connection  with  the  cortex  (optic  radia- 
tion) ;  (2)  basilar,  involving  the  superficial  origin  of  the 
nerves  and  their  course  within  the  cranium ;  (3)  orbital, 
affecting  the  nerves  or  the  muscles  within  the  orbit. 

The  most  common  causes  found  in  such  cases  are  {a) 
Syphilis,  in  which  any  part  of  the  tract  may  be  affected. 
The  paralysis  occurs  late  in  the  acquired  disease ;  a  few 
cases  in  hereditary  syphilis  have  been  recorded ;  {h)  it  is 
frequently  ascribed  to  gout  and  rheumatism,  especially 
after  exposure  to  cold  and  wet,  and  in  the  absence  of 
symptoms  pointing  to  other  causes  is  then  probably  a 
peripheral  neuritis  ;  (c)  ana3mia  and  disorders  of  menstrua- 
tion may  also  be  a  cause,  in  which  case  the  position  of  the 
lesion  can  seldom  be  diagnosed  ;  {d)  post-diphtheritic  para- 
lysis of  the  extrinsic  ocular  muscles  occasionally  occurs. 

A  case  may  be  diagnosed  as  cerebral  when,  with  the 
absence  of  any  obvious  local  or  orbital  cause,  there  are 
mental  or  other  cerebral  symptoms.  The  paralysis  of  the 
muscle  is  seldom  so  complete  as  in  other  cases,  and  more 
than  one  muscle  is  usually  affected.  The  lesion  may  be 
due  to  tumour,  hismorrhage  or  softening,  or  the  paralysis 
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may  be  a  symptom  occurring  early  in  locomotor  ataxy 
or  at  some  period  in  the  course  of  disseminated  sclerosis. 

The  superficial  origins  of  the  nerves  are  often  affected 
in  diseases  and  injuries  to  the  base  of  the  skull,  such  as 
basal  meningitis  (tubercular  most  commonly),  syphilitic 
periostitis  of  the  base,  gummata  of  the  nerve  trunks, 
aneurysm  of  the  internal  carotid  in  the  cavernous  sinus, 
thrombosis  of  the  cavernous  sinus,  and  injuries  to  the  head 
involving  the  middle  fossa  of  the  base  of  the  skull. 

In  the  orbit  the  muscles,  or  the  nerves  supplying 
them,  may  be  mechanically  interfered  with  by  inflamma- 
tions of  the  orbital  walls,  syphilitic  or  rheumatic,  and 
by  other  causes  producing  exophthalmos,  such  as  deep- 
seated  haemorrhage,  tumour,  or  Graves'  disease. 

A  muscle  or  nerve  is  occasionally  divided  in  perfora- 
ting wounds  of  the  orbit,  and  is  often  rendered  functionless 
after  fractures  of  the  bony  walls  of  the  orbit. 

Prognosis.— It  must  be  borne  in  mind  that  in  some 
cases  spontaneous  cure  results,  especially  those  ascribed 

to  cold  and  wet. 

In  cases  associated  with  syphilis  or  rheumatism,  if 
the  lesion  be  peripheral,  treatment  is  generally  followed 
by  recovery,  but  there  is  a  group  of  cases  in  which  after 
complete  recovery  relapse  occurs.  The  prognosis  in 
central  disease  is  not  very  favourable. 

Treatment.— In  syphilitic  cases,  mercury  and  large 
doses  of  iodide  of  potassium  give  good  results;  and  in  rheu- 
matism, salicylate  of  soda  or  iodide  of  potassmm  should 
be  given ;  in  other  cases  nervine  tonics,  as  strychnine  and 

arsenic.  .  . 

Local  applications,  as  hot  fomentations  m  rheumatic 

cases,  blisters,  leeches,  are  often  indicated. 

A  shade  may  be  worn  over  the  affected  eye,  or  in  cases 

of  partial  paralysis,  a  prism  correcting  the  diplopia  in  order 

to  prevent  the  discomfort  and  danger  of  the  double  images. 

Electrical  treatment  sometimes  gives  good  results,  and  the 
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best  waj' '  to  apply  it  is  to  place  the  anode  upon  the  nape  of 
the  patient's  neck,  whilst  the  operator,  holding  the  cathode, 
uses  his  index  finger  covered  by  damp  muslin  as  the  active 
electrode.  The  current  used  is  about  3  milliamperes,  and 
may  be  applied  to  the  closed  lid  or  to  the  conjunctiva 
over  the  muscle,  cocaine  having  been  previously  instilled 
into  the  conjunctival  sac. 

Mechanical  treatment  by  moving  the  eye  backwards  and 
forwards  in  the  direction  of  the  paralysed  muscle  by  means 
of  forceps,  cocaine  drops  having  been  previously  put  in  the 
eye,  sometimes  hastens  the  patient's  recovery.  Failing  these 
methods,  incases  that  have  lasted  for  some  time,  tenotomy 
of  the  opposing  muscle,  advancement  of  the  affected  one, 
or  a  combination  of  both  operations  may  be  performed. 

Ophthalmopleg'ia  externa  is  the  name  given  to 
the  condition  in  which  all  or  nearly  all  the  external 
muscles  of  the  eye  are  affected  with  paresis,  developing 
later  into  complete  paralysis  ;  the  ciliary  and  pupillary 
muscles  are  unaffected.  This  disease,  first  accurately 
described  by  Hutchinson,  is  usually  associated  with  syphilis 
and  is  invariably  of  nuclear  origin.  The  lesion  is  situated 
below  the  aqueduct  of  Sylvius,  and  involves  the  nuclei  of 
the  oculomotor  muscles.  The  escape  of  the  nuclei  of  the 
ciliary  and  pupillary  muscles  is  accounted  for  by  the 
fact  that  they  are  situated  farther  forwards  and  have  a 
different  blood  supply.  In  the  early  stages  the  paralysis 
is  seldom  complete.  The  symptoms  are  ptosis  and 
limitation  of  movement  of  the  eye  in  all  directions,  most 
marked  in  the  upward  movements.  Both  eyes  may  be 
affected,  but  it  is  usually  a  unilateral  disease.  Ophthal- 
moplegia externa  is  distinguished  from  total  ophthalmo- 
plegia by  the  absence  of  any  loss  of  accommodation  and 
pupillary  paralysis. 

The  course  is  chronic  and  progressive,  and  beyond 
constitutional  treatment  little  can  be  done  for  it. 

'  Buzzard  :  Lancet,  1875,  ii.  p.  485. 
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Concomitant  strabismus  is  distinguished  by  the 
fact  that  the  visual  axes  of  the  eyes,  though  not  parallel 
to  start  with  as  in  the  normal  eye,  maintain  the  same 
relation  to  each  other  in  all  the  conjugate  movements  of  the 
two  eyes.  If  the  movements  of  each  eye  be  observed  singly 
it  will  be  found  that  the  actions  of  the  different  muscles 
are  as  a  rule  normal,  and  that  there  is  no  marked  halting 
of  the  eye  in  any  direction  as  in  paralytic  strabismus. 

A  concomitant  squint  is  generally  directly  inwards 
(convergent)' or  outwards  (divergent),  but  sometimes  these 
main  deviations  are  combined  with  a  slight  upward  or 
downward  tendency.  It  is  not  present  at  birth,  and  is 
never  present  in  both  eyes  at  the  same  moment. 

Diagnosis  from  imralytic  squint.— The  movements  of 
the  squinting  eye  are  not  markedly  impaired  in  any  dn-ec- 
tion,  though  in  some  convergent  cases  there  is  a  hmited 
excursion  ;  the  field  of  fixation  is  generally  normal.  The 
primary  deviation  is  as  a  rule  equal  to,  but  is  never  less, 
or  may  be  greater,  than  the  secondaiy.  Double  vision  is 
rarely  complained  of  by  the  patient,  and  in  consequence 
there  is  no  particular  inchnation  of  the  head  or  false  projec- 
tion, and  the  squint  is  never  present  in  both  eyes  at  the 
same  time. 

Convergent  concomitant  strabismus.— mere 
are  no  marked  symptoms,  though  occasionally  in  the  early 
stages  diplopia  may  be  complained  of. 

The  signs  are  deviation  inwards  of  the  visual  axis  of 
one  eye  and  loss  of  binocular  vision.  The  sqmnt 
generally  begins  in  early  life,  from  the  age  of  three  to  six 
^ears,  as  soon  as  the  child  fixes  his  attention  on  near 
objects,  as  small  pictures,  print,  &c.  There  are  some 
recorded  cases  of  congenital  squint,  but  these  are  very 
rare  Most  children,  whilst  educating  the  eyes  lor 
binocular  vision,  squint  at  times,  and  this  tendency  is 
aggravated  by  any  upset  of  the  general  health,  as  teething, 
but  disappears  in  the  majority  of  cases. 
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Varieties. — Squints  are  usually  at  first  only  visible  at 
times,  and  are  then  called  periodic  ;  this  form  may  be 
present  in  either  eye  and  is  generally  most  noticeable  when 
the  patient  is  out  of  health  or  is  accommodating  forcibly. 
It  may  disappear  after  a  time,  or  lapse  into  the  constant 
variety. 

Constant  squints  are  those  which  are  always  present,  and 
may  be  divided  into  alternating  and  fixed.  An  alternating 
squint  is  one  in  which  the  patient  fixes  with  either  eye 
indiscriminately,  and' as  a  rule  the  vision  is  about  equal  in 
each  eye ;  the  greater  number  pass  after  a  time  into  the 
next  class  (fixed). 

A  fixed  squint  is  present  when  the  patient  of  his  own 
accord  squints  always  with  the  same  eye. 

The  acuity  of  vision  in  the  squinting  eye  is  generally 
much  reduced  and  in  many  cases  the  eye  is  very  amblyopic. 
Whether  the  amblyopia  precedes  and  is  the  cause  of  the 
squint,  or  whether  the  squint  produces  the  amblyopia,  is 
one  of  the  most  debated  questions  in  ophthalmology. 

The  great  difficulty  in  its  solution  is  the  fact  that  the 
acuity  of  vision  cannot  be  estimated  in  a  very  young  child. 
The  probability  is  that  in  most  cases  the  amblyopia  is 
congenital,  as  education  of  the  squinting  eye  by  keeping 
the  sound  eye  closed  has,  as  a  rule,  scarcely  any  effect 
on  the  acuity  of  vision. 

Children,  even  at  five  years  old,  with  fixed  squint  have 
often  great  amblyopia  in  the  squinting  eye.  Cases  are  met 
with  at  times  in  which,  though  the  eye  has  squinted  for 
years,  the  vision  has  remained  normal. 

Causation. — In  the  greater  proportion  of  cases  (80  per 
cent.)  hypermetropia  is  present,  as  Bonders  first  pointed 
out.  The  reason  is  to  be  found  probably  in  the  abnormal 
association  of  the  convergence  and  accommodation  in 
hypermetropia.  A  young  hypermetrope  of  4  dioptres  needs 
4D  of  accommodation  to  see  distant  objects  clearly.  To 
enable  him  to  see  at  1  metre  he  would  require  5D  of 
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accommodation,  which  would  normally  be  associated  with 
5  m.a.  of  convergence,  and  therefore  he  would  be  using 
5  m.a.  of  associated  convergence  for  seeing  at  1  m.,  instead 
of  1  m.a.,  the  usual  amount.  To  avoid  this  abnormal  con- 
dition, he  must  either  give  up  some  accommodation  and 
only  use  the  amount  usually  associated  with  the  necessary 
convergence,  and  thus  while  maintaining  binocular  vision 
sacrifice  distinct  vision,  or  else  he  continues  distinct  vision 
by  means  of  his  accommodation  and  gives  up  binocular 
vision.  The  latter  is  the  usual  course,  and  the  result  of 
it  convergent  strabismus. 

In  shght  cases,  binocular  and  distinct  vision,  especially 
for  distance,  may  be  maintained  by  contraction  of  the 
externalrecti,  but  this  is  accompanied  by  marked  as thenopic 
symptoms. 

Other  theories  are  the  overbalanced  muscular  action 
(Schweigger)  and  innervation  (Hansen  Grut)  of  the 
internal  recti  over  the  external. 

Convergent  strabismus  is  found  associated  with 
corneal  nebulee,  lenticular  striae,  great  difference  in  the 
refraction  of  the  two  eyes,  and  in  these  cases,  the  squint  is 
generally  fixed  and  the  squinting  eye  is  the  one  with  the 
greater  difference  in  refraction  or  imperfection  of  the  media. 
More  rarely,  it  is  present  in  myopia  and  emmetropia. 

Treatment— In  all  cases  the  refraction  must  be  esti- 
mated, and  this  should  be  done  with  the  eyes  under 
atropine  so  that  the  total  error  of  refraction  may  be  found. 
If  hypermetropia,  or  hypermetropic  astigmatism,  is 
present,  glasses  should  be  ordered  for  constant  wear, 
correcting  if  possible  the  whole  refraction  error.  In 
slight  cases,  if  the  squint  disappears  under  atropine, 
glasses  will  probably  effect  a  cure,  but  in  any  case 
spectacles  should  be  worn  for  some  months. 

In  children  under  tln^ee  years  of  age,  glasses  should 
rarely  be  ordered  owing  to  the  difficulty  and  danger 
attending  their  use,  but  after  that  age  they  should  be 
worn  at  all  events  when  looking  at  near  objects  as  books. 
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or  at  meal-time.  It  is  important  when  the  squint  is  a  fixed 
one,  that  the  child's  attention  should  be  attracted  as  much 
as  possible  away  from  the  affected  side  and  that  all  pursuits 
requiring  the  use  of  the  accommodation,  as  reading  fine 
print,  should  be  prohibited.  The  use  of  weak  atropine 
drops  once  a  day  will  keep  the  accommodation  relaxed, 
and  so  indirectly  minimise  the  convergent  movements. 

Tying  up  the  non-squinting  eye  for  an  hour  or  so  a 
day,  and  '  orthopaedic '  exercises  by  prisms  or  with  the 
stereoscope,  are  useful  adjuncts  to  the  treatment.  If  these 
measures  do  not  result  in  marked  improvement  after 
persevering  with  them  for  at  least  six  months,  the  question 
of  operative  procedure  must  be  considered,  though  not  as 
a  rule  before  seven  years  of  age. 

In  the  alternating  variety  without  marked  amblyopia, 
binocular  vision  and  permanent  cure  of  the  squint  may 
result  from  a  careful  adjustment  by  operation.  In  fixed 
squint  with  amblyopia,  as  it  is  impossible  to  give  binocular 
vision,  an  operation  can  only  improve  the  appearance  of 
the  patient. 

The  operations  are  either  tenotomy  (limited  or  free)  of 
one  or  both  internal  recti,  advancement  of  one  or,  both 
external  recti,  or  a  combination  of  both  kinds  of  operations. 
It  must  be  remembered  that  advancement  of  a  muscle  in- 
terferes much  less  with  the  normal  position  of  the  eyeball 
than  tenotomy,  which  may  be  followed  by  proptosis,  and 
I  am  thoroughly  in  favour  of  advancement  in  cases  of 
slight  degrees,  especially  when  there  is  a  weakening  of 
the  excursion  on  one  side. 

In  convergent  squint,  the  rule  till  lately  was  to  divide 
the  muscle  on  the  squinting  side,  owing  to  the  idea  that 
the  squint  was  produced  by  over-action  of  this  muscle, 
due  to  hypertrophy,  or  to  its  possessing  a  better  position 
for  its  action.  In  many  cases  also  the  internal  rectus 
on  the  opposite  side  was  divided  at  the  same  time. 
When  both  muscles  were  simultaneously  divided,  as  a 
rule,  after  a  year  or  so  one  eye  squinted  in  the  opposite 
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direction,  and  in  consequence  this  procedure  has  nov/ 
been  dropped.  Though  in  most  cases  there  is  no  weaken- 
ing of  the  action  in  the  opposite  direction,  yet  in  others, 
especially  of  convergent  squint,  there  is  a  limitation. 

Every  case  before  operation  must  be  treated  on  its  own 
merits ;  the  refraction  must  be  carefully  worked  out  and 
glasses  ordered,  and  the  excursion  and  incursion  of  each 
eye  taken.  When  there  is  a  limit  to  the  movement  of  the 
eye  in  the  opposite  direction  to  the  squint,  undoubtedly 
advancement  will  be  the  proper  operation,  as  tenotomy 
does  not  necessarily  increase  the  movement  in  the  opposite 
direction. 

It  must  always  be  borne  in  mind  that  advancement  is 
much,  more  under  the  operator's  control  than  tenotomy, 
and  that  it  seems  more  reasonable  to  operate  in  a  fixed 
squint  by  the  combination  of  a  tenotomy  and  advancement 
on  the  affected  eye,  than  by  tenotomy  on  both  eyes. 

The  advantages  of  tenotomy  are  that  the  operation  is 
easily  and  quickly  performed,  that  there  is  no  pain  and 
little  discomfort  afterwards,  and  that  the  eyes  need  only 
be  bandaged  for  a  few  hours.  The  disadvantages  are  that 
the  result  is  obtained  by  weakening  a  muscle,  and  that 
this  weakening  may  be  progressive. 

The  advantages  of  advancement  are  that  it  is 
strengthening  a  muscle  by  bringing  forwards  its  insertion, 
and  that  the  result  is  more  under  the  operator's  control. 
The  disadvantages  are  that  the  operation  is  more  tedious, 
and  the  patient  is  subjected  to  longer  convalescence  and 
more  discomfort  and  pain.  The  estimation  of  the  result 
likely  to  be  obtained  by  operative  treatment  varies  gi'eatly, 
but  the  following  rules  may  serve  as  a  rough  guide  (the 
angle  of  squint  is  in  every  case  estimated  under  atropine). 
With  normal  excursion  and  incursion  of  the  muscles,  a 
squint  of  5°  to  10°  may  be  cured  by  a  Hmited  tenotomy  of 
one  muscle  or  advancement  of  the  opponent ;  one  of  10° 
to  15°  by  a  free  tenotomy  on  one  side ;  15°  to  20°  by  a  free 
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tenotomy  and  advancement  of  the  opponent  muscle,  or  by 
advancement  of  both  opponent  muscles  ;  20°  to  30°  by  free 
tenotomy  of  one  muscle,  followed  if  necessary  after  a  time 
by  a  tenotomy  on  the  opposite  side  ;  and  over  30°  by  free 
tenotomy  on  one  side,  always  succeeded  by  tenotomy  on 
the  opposite  side,  or  by  free  tenotomy  on  one  side  and 
advancement  of  the  opponent  muscle  on  both  sides. 

After-treatment. — The  day  after  a  tenotomy  opera- 
tion, the  patient  should  be  tested  for  double  vision,  which 
will  be  probably  found,  unless  the  eye  is  very  amblyopic. 
The  diplopia  should  be  mapped  out,  and  tried  again 
a  few  days  after.  Prisms  combined  with  the  spectacles 
may  help  either  to  diminish  or  to  increase  the  result. 

In  cases  where  there  is  good  vision  in  either  eye, 
occasionally  binocular  vision  may  be  restored,  and  this  is 
much  aided  by  stereoscopic  exercises  (see  Appendix). 

Diverg-ent  concomitant  strabismus.  Signs.— 
Deviation  outwards  of  the  visual  axis  of  one  eye,  and  loss 
of  binocular  vision.  The  condition  is  rarely  met  with  in 
very  young  children,  and  in  this  way  differs  from  con- 
vergent strabismus. 

The  most  common  cause  (60  to  70  per  cent,  of  the 
cases)  is  myopia,  and  the  greater  the  degree  of  myopia 
the  more  likely  is  it  to  be  associated  with  divergent 
strabismus.    This  shows  a  marked  distinction  from  the 
convergent  strabismus  associated  with  hypermetropia 
which  IS  less  commonly  met  with  in  high  degrees  ' 
In  the  normal  eye,  accommodation  is  always  associated 
with  convergence  (p.  369),  whereas  in  myopia  of  medium 
and  high  degrees  no  accommodative  effort  is  necessary 
whilst  the  convergence  must  in  the  high  degrees  be  ex 
cessive  owing  to  the  approximation  of  the  far  point  to  the 
eyes.  _  It  is  evident  that  the  internal  recti  in  these  cases  of 
myopia  have  to  work  without  the  stimulus  which  is  always 
present  when  the  accommodation  is  in  action,  and  tleS 
is  m  consequence  a  tendency  to  relax  the  internal  recti. 
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This  can  be  shown  in  most  myopes  by  telling  them  to 
fix  a  near  object  when,  upon  covering  one  eye,  the  internal 
rectus  of  this  side  will  relax  and  the  eye  wander  out,  show- 
ing that  the  desire  for  binocular  vision  is  only  just  sufficient 
to  maintain  the  visual  axes  in  their  proper  position. 

Asthenopia  resulting  from  attempts  at  sustained  con- 
vergence, which  is  also  rendered  difficult  by  the  increased 
leno-th  of  the  eye,  nearly  always  precedes  the  divergent 
strabismus. 

A  patient  soon  finds  that  by  covering  one  eye  with  his 
hand  he  can  read  for  long  periods  with  comparative  comfort. 
Very  soon  he  will  be  able  to  suppress  the  image  formed 
by  this  eye,  so  that  there  will  be  no  need  to  cover  the  eye. 

The  strabismus  will  now  be  present  for  near  objects, 
but  later  will  progress  till  finally  it  will  be  present  for 
distant  vision  as  well. 

A  predisposing  reason  for  its  occurrence  in  myopic 
eyes  is  the  increase  in  length  of  the  bony  orbits  the  axes 
of  which  naturally  diverge,  and  the  egg-shaped  eyes 
would  tend  to  coincide  with  the  long  axes  of  the  orbits. 

Divergent  strabismus  is  found  where,  from  disease  or 
injiu-y  of  one  eye,  binocular  vision  is  no  longer  possible, 
and  the  eyes  therefore  have  no  need  of  convergence.  This 
form  of  strabismus  resulting  from  disease  is  found  in 
bhnd  eyes,  corneal  nebulae,  cataract. 

As  an  after-result  of  tenotomy  of  the  internal  rectus  it 
is  met  with  owing  to  the  weakening  and  stretching  of  the 
divided  muscle.  This  was  formerly  more  often  seen 
when  very  free  division  of  the  muscle  was  done,  or  both 
internal  recti  divided  at  one  sitting. 

When  divergent  strabismus  is  developed,  the  only 
successful  treatment  is  by  operation.  This  may  be  effected 
by  tenotomy  of  one  or  both  external  recti,  but  the  result 
is  not  generally  satisfactory,  as  division  of  the  exteraal 
recti,  as  a  rule,  is  followed  by  little  effect.  Advancement 
of  pne  or  both  internal  recti  gives  the  best  results,  as  the 
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causation  is  due  rather  to  the  weakness,  especially  in  the 
position  of  attachment,  of  the  internal  recti  than  to  the 
strength  of  the  external. 

OPEEATIVE  TREATMENT  consists  in  either  weakening 
the  muscle  acting  in  the  direction  of  the  squint  by  division 
of  its  tendon  {tenotomy),  or  in  aiding  the  opponent  muscle 
by  bringing  forward  its  attachment  to  the  sclerotic  {ad- 
vancement). 

Tenotomy  should  rarely  be  performed  before  the  age 

of  seven  years,  and  as  a  rule  on  only  one  muscle  at  a 

time,  as  the  after-effect  is  difficult  to  gauge,  and  it  is  much 

more  satisfactory  to  obtain  too  little  than  too  great  result. 

It  must  always  be  borne  in  mind,  that  it  takes  months 

or  even  years  for  the  full  effect  to  be  reached,  and 

divergent  squint,  occurring  some  years 

after  tenotomy  of  the  internal  recti  has 

been  frequently  seen,  under  the  old 

methods  of  dividing  both  muscles  or 

the  freer  division  of  the  muscles. 
As  the  operation  is  a  painful  one  a 

general  anaesthetic,  as  chloroform,  is 

needed  in  young  children,  but  in  adults 

local  application  of  cocaine  or  eucaine 
is  generally  sufficient.  No  preparations 
are  necessary  beyond  those  usual  for  a 
general  anaesthetic,  except  that  in  con- 
vergent squint  it  is  often  advisable  that 
the  eyes  should  be  under  atropine  to  aid 
the  result  by  diminishing  convergence 
through  paralysis  of  accommodation. 

Tenotomy  of  ri^ht  internal  ^^B.'^t^'S™ 
rectus,.  —  Instruments.  —  Speculum  Scissors 
(fig.  23),  two  pairs  of  fixation  forceps  (fig.  19),  a  pair  of 
straight  (fig.  92)  or  curved  (fig.  81)  blunt-pointed  scissors, 
and  a  strabismus  hook  (fig.  93);  these  instruments 
should  be  boiled  immediately  before  the  operation. 
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Position— T\\Q  patient  should  be  in  the  recumbent 
position,  and  the  operator  should  stand  in  front  and  on 
the  right  hand  of  the  patient. 

Siibconjunctival  or  Moorfidds  operation— specu- 
luna  being  introduced  between  the  lids,  the  conjunctival 
sac  should  be  washed  out  with  distilled  water.  The 

operator,  holding  a  pair  of  fixation 
forceps  in  either  hand,  draws  the  eye 
directly  towards  the  temporal  side  by 
the  forceps  in  his  right  hand,  and  then 
seizes  a  small  fold  of  conjunctiva,  situ- 
ated about  the  junction  of  union  of 
the  lower  horizontal  and  inner  vertical 
tangents  of  the  cornea,  with  the  for- 
ceps in  his  left  hand.    Taking  the 
scissors  in  his  right  hand,  he  then 
divides  the  fold  of  conjunctiva  so  as 
to  admit  the  points  of  the  scissors, 
which  should  then  divide  the  subcon- 
junctival tissue  to  a  slight  extent.  He 
now  lays  down  the  scissors,  and  takmg 
up  the  squint  hook  passes  it  into  the 
wound  with  the  point  dk'ected  back- 
wards ;  by  a  turn  of  the  handle  to  the 
right  the  hook  is  passed  beneath  the 
tendon    until    its    point    is  seen 
through  the  conjunctiva  at  the  upper 
border  of  the  muscle.     The  hook 
is  now  transferred  to  the  left  hand, 
and  the  scissors,  taken  in  the  right  hand,  are  introduced 
through  the  woimd  so  that  they  lie  between  the  sclerotic 
and  the  hook  with  a  blade  on  each  side  of  the  tendon, 
which  is  now  divided  by  small  cuts.    After  the  tendon  is 
divided  the  hook  is  removed  and  reinserted  m  the  wound 
to  make  sure  that  no  portion  of  the  tendon  is  left  un- 
divided-  if  the  division  is  complete,  the  hook  can  be 


Fig.  'J3 


— Stbabisbius 
Hook 
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advanced  to  the  limb  of  the  conjunctiva,  and  should  then 

be  covered  only  by  conjunctiva. 

Graefe's  operation. — The  first  steps  are  the  same  as 

in  the  preceding  operation,  the  only  difference  being  that 

the  conjunctival  incision  is  made  about  2  mm.  from 

the  corneal  edge  and  opposite  the  middle  of  the  muscle. 

After  the  subconjunctival  tissue  is  divided  by  the  scissors, 

the  hook  is  inserted,  and  the  muscle  lying  on  it  is  exposed 

through  the  wound  and  then  divided. 

A  third  method  (Landolt's),  in  which  the  tenotomy 

hook  can  be  dispensed  with,  is  especially  useful  when  a 

small  effect  is  desired,  as  the  amount  of  division  of  Tenon's 

capsule  can  be  easily  regulated. 

Instruments. — Speculum  (fig.  23),  pair  of  tooth  forceps 

slightly  curved  at  the  end  (fig.  94),  and  a  pair  of  curved 

scissors  (fig.  95). 

Operation. — -A  fold  of  conjunctiva  is  fixed  by  the 
forceps  held  in  the  left  hand  immediately  in  front  of 
the  middle  of  the  tendon,  and  a  small  incision  made  in 
the  conjunctiva  and  capsule  of  Tenon  by  the  scissors.  The 
forceps  are  then  introduced  through  the  wound,  and  the 
tendon,  being  seized  by  them,  is  drawn  forwards  and 
divided  by  the  scissors.  If  desired,  a  hook  (fig.  93)  can 
now  be  introduced  and  the  structures  more  freely  divided. 

In  all  these  operations,  if  the  external  rectus  is  to  be 
operated  on,  it  must  be  remembered  that  its  insertion  is 
farther  away  from  the  cornea  than  the  internal,  and  the 
conjunctival  incision  should  therefore  be  about  3  mm. 
from  the  corneal  edge. 

On  completion  of  the  operation,  if  the  patient  is  not 
under  a  general  ansesthetic,  the  result  should  be  examined, 
and  the  operator  may  lessen  the  effect  produced  if  neces- 
sary by  suturing  the  conjunctival  wound,  or  may  increase 
it  by  dividing  freely  the  capsule  of  Tenon  near  the  tendon, 
or  by  rotating  the  eyeball  forcibly  by  the  forceps  in  the 
opposite  direction  to  allow  the  tendon  to  slip  backwards. 
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After-treatment.  Immediate— The  conjunctival  sac 
should  be  washed  out  and  both  eyes  bandaged  up  till  the 


Fig.  94. — Landolt's 
Stbabismus  Fokceps 


95 —Landolt's  Strabismus 
Scissons 


next  morning,  when  the  bandages  may  be  left  off  alto- 
gether. Tbe  eye  will  be  found  to  be  bloodshot  and  wUl 
remain  so  for  about  ten  days. 
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If  the  squint  is  either  corrected  or  over-corrected, 
atropine  should  be  discontinued,  but  if  it  is  under-corrected 
atropine  must  be  continued  for 
some  days,  and  if  the  patient  is 
hypermetropic,  glasses  completely 
correcting  the  refraction  error 
must  be  worn  constantly  for  a 
time. 

After-effects. — There  is  very 
seldom  any  great  reaction  or  in- 
flammation after  the  operation, 
and  the  complications  are  very 
few.  A  slight  deformity  is  often 
caused  by  the  sinking  of  the  car- 
uncle from  free  division  of  Tenon's  i^A 
capsule ;  this  is  rarely  very  notice- 
able, but  if  so  may  be  remedied 
by  detaching  the  conjunctiva  from 
the  subjacent  tissue  and  stitching 
it  up. 

Occasionally  a  granulation 
grows  from  the  wound  and  should 
be  cut  off. 

The  ultimate  effect  of  the 
operation  is  generally  greater  after 
some  weeks. 

Advancement  of  the  rig-ht 
external  rectus.— A  general  an- 
aesthetic, as  chloroform,  is  as  a  rule 
necessary,  though  in  some  cases  co- 
caine or  eucaine  may  be  employed. 

Instrimients. — Speculum  (fig. 
23),  fixation  forceps  (fig.  19),  teno- 
tomy hook  (fig.  93),  pair  of  small 
straight  scissors  (fig.  92),  three  small  curved  needles,  each 
threaded  with  fine  silk,  and  a  needle-holder  (fig.  96). 


Fig.  96.— Needle-Holdee 
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Position. — The  patient  should  be  lying  on  an  operating 
table,  and  the  operator  should  stand  behind  his  head  with 
an  assistant  facing  him  on  the  left-hand  side. 

Operation. — The  speculum  being  introduced  and  the 
eye  well  irrigated  with  distilled  water,  the  operator  seizes 
the  conjunctiva  with  the  forceps  about  2  mm.  from  the 
corneal  margin  and  in  a  line  with  the  centre  of  insertion 
of  the  external  rectus. 

He  now  divides  with  the  scissors  the  conjunctiva 
vertically  to  the  extent  of  5  mm.  above  and  below  the 
point  of  fixation,  and  afterwards  the  subconjunctival  tissue 
and  capsule  of  Tenon,  and  by  this  means  exposes  the 
tendon.    The  tenotomy  hook  is  introduced  at  the  lower 
border  of  the  tendon,  and  passed  beneath  it  till  its  point 
is  brought  out  at  the  upper  border;  the  tendon  thus 
is  exposed  on  the  tenotomy  hook,  which  is  given  to  the 
assistant  to  hold.    A  needle,  held  by  the  needle-holder, 
is  then  passed  vertically  through  the  middle  of  the  tendon, 
and  the  suture  tied  tightly  in  a  knot ;  the  needle  is  then 
carefully  passed  through  the  episcleral  tissue  and  con- 
junctiva, and  brought  out  about  1  mm.  from  the  cornea. 
The  tendon  can  now  be  cut  away  from  its  insertion  into 
the  sclerotic,  and  if  desired  a  piece  of  it  can  be  cut  off. 
The  suture  is  now  tied  tightly,  bringing  the  tendon  up 
towards  the  cornea.     A  second   suture  is  introduced 
through  the  upper  border  of  the  tendon,  passed  through 
the  episcleral  tissue  and  conjunctiva  above,  and  parallel 
with  the  original  suture,  and  then  tied.    In  the  same 
manner  the  third  suture  is  inserted  and  tied  below.  The 
conjunctival  wound  is  now  stitched  together,  the  speculum 
removed,  and  the  eye  washed  out,  and  a  bandage  apphed 

over  both  eyes. 

The  eyes  should  be  kept  bandaged  for  a  week  and 
dressed  every  day.  The  stitches  should  not  be  taken  out 
for  a  week  at  least,  unless  they  are  causing  much  irrita- 
tion. 
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Nystag'mus  (i/uWay^/a,  sleep)  (invohmtary  oscillation 
of  the  eyeball)  is  generally  binoculcar,  permanent,  and  asso- 
ciated with  serious  defect  of  vision.  The  movements  are  as 
a  rule  horizontal  or  rotatory,  but  may  be  vertical,  and  when 
present  in  both  eyes  are  similar  in  duration  and  frequency. 
It  may  be  constant  or  only  when  the  eyes  are  moved  in 
certain  directions,  and  it  always  ceases  during  sleep. 

When  occurring  in  adults  '  patients  are  much  troubled 
by  the  oscillatory  movements  of  objects,  but  when  the 
nystagmus  dates  from  early  life  this  symptom  is  not  com- 
plained of. 

Most  cases  date  from  infancy  owing  to  some  defect 
in  the  coats  or  media  of  the  eye,  such  as  opacities  of  the 
cornea  or  lens,  choroidal  or  retinal  disease,  or  albinism, 
and  are  then  due  to  the  defective  vision  preventing  proper 
co-ordination  of  the  ocular  movements.  In  more  mature 
life,  it  may  follow  chronic  otitis  and  nerve  diseases  as 
disseminated  sclerosis,  hereditary  ataxy,  meningitis, 
haemorrhage,  softening  and  tumour  of  the  brain.  It 
is  also  found  in  coal-miners,^  where  it  is  probably  due  to 
the  strain  on  the  ocular  muscles  induced  by  looking 
obhquely  upwards  whilst  using  the  pick  in  a  lying  position  ; 
and  perhaps  also  to  working  with  insufficient  illumination! 
In  these  cases  the  condition  generally  disappears  on  giving 
up  the  work,  but  in  others,  treatment  is  of  no  avail. 

'  Trans.  Ophth.  Soc.  vii.  p.  264. 

^  Snell :  '  Miner's  Nystagmus  and  its  Cause,'  Trans.  Ophth.  Soc 
vol.  iv.  p.  315. 
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CHAPTER  XXII 

•     EEFEACTION  AND  ACCOMMODATION  ' 

Definition.— By  the  refraction  ^  of  the  eye  is  meant 
the  changes  which  the  different  transparent  ocular  media 
exert  upon  rays  of  Hght  passing  into  the  eye  (in  the 
normal  state  through  the  pupil)  prior  to  impinging  on 
the  light-percipient  portions  of  the  retina. 

The  refraction  refers  to  the  effect  produced  on  rays  of 
hght  by  the  dioptric  apparatus  of  the  eye,  and  bears  no  re- 
lation to  the  acuity  of  vision  ;  it  must  be  remembered  that 
normal  refraction  may  be  present  in  an  eye  almost  or 
completely  blind  from  disease  of  the  optic  nerve  or  of  the 
transparent  media. 

Optical  Properties  of  the  Eye.— Before  proceed- 
ing to  describe  the  refraction  of  the  eye,  it  is  necessary 
to  state  a  few  principles  regulating  the  passage  of  hght 
through  the  transparent  media.    The  eyeball  is  a  closed 

1  The  following  abbreviations  are  used  in  this  Chapter  :—Em., 
emmetropia;  H.,' hyper^netropia ;  H.m.,  manifest  hypermetropia ; 
H.I.,  latent  hypermetropia;  H.a.,  absolute  hypermetropia;  My., 
myopia;  As.,  astigmatism ;  Pr.,  presbyopia  ;  P,:,  pi^mtum  renwtum 
or  far  point;  P.p.,  punctum  proximum  or  near  point;  Ace., 
aecommodaiion;  M.a.,  metre  angle;  D.,  dioptre;  V.,  vision 
lenses,  -^  eonvex,  -  concave,  Sph.,   spherical,   Cyl,  cylindrical, 

and  t  axis  of  cylinder. 

^  Refraction  is  too  large  a  snbject  to  be  more  ^^^^^  !^^^^ 
in  such  a  work  as  tins,  and  the  reader  is  referred  to  Ganot  s  , 
Landolt's  Befraction  and  Accommodation  of  J^°^^^^^^^^^ 
Anomalies  of  Refraction  and  Accommodation,  Hartndge  s  Eef^  action 
of  the  Eye,  and  Morton's  Befraction  of  the  Eye. 
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chamber  surrounded  by  a  protective  coat  consisting  of 
the  cornea  and  sclerotic,  and  may  be  likened  to  a  photo- 
gi-aphic  camera  filled  with  fluid,  the  retina  corresponding 
to  the  sensitive  plate. 

A  ray  of  light  in  its  passage  through  the  eyeball,  until 
it  reaches  the  light-percipient  portion  of  the  retina, 
traverses  in  order  the  following  structures  : 

The  layers  of  the  cornea  ;  aqueous  humour  ;  anterior 
capsule,  substance,  and  posterior  capsule  of  the  lens  ; 
hyaloid  membrane,  vitreous,  hyaloid  membrane  ;  layers  of 
the  retina. 

In  its  passage  through  these  structures  the  ray  is  de- 
flected or  refracted  when  traversing  media  possessing 
difi^erences  in  their  indices  of  refraction. 

For  practical  purposes,  the  refractive  indices  of  the 
cornea,  aqueous,  and  vitreous  may  be  taken  as  the  same, 
and  the  only  transparent  ocular  medium  exhibiting  a 
marked  difference  is  the  lens,  which  has  a  higher  index 
than  the  others. 

For  these  reasons,  the  chief  deviations  in  direction  of 
the  ray  take  place  at  the  anterior  svttface  of  the  cornea 
and  at  both  surfaces  of  the  lens. 

The  greatest  of  these  deflections  occurs  at  the  anterior 
surface  of  the  cornea,  as  the  ray  here  passes  from  the 
rarer  medium  air  to  the  denser  cornea  and  is  consequently 
bent  towards  the  normal  (perpendicular  to  the  surface), 
and  this  primary  deflection  is  increased  by  the  spherical 
surface  of  the  cornea.  At  the  anterior  surface  of  the  lens 
a  further  deflection  takes  place  as  the  ray  passes  from  the 
aqueous  to  the  denser  lens  ;  at  the  posterior  surface  of  the 
lens  the  normals  are  diverging  and,  as  the  vitreous  is  less 
dense,  the  ray  will  be  bent  away  from  these  normals  ;  the 
deflection  will  consequently  still  be  in  the  same  direction. 

The  transparent  ocular  media  (cornea,  aqueous,  lens 
and  vitreous)  constitute  the  dioptric  apparaiUH  of  the  eye, 
and  these  taken  together  consist  of  a  convex  surface 
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separating  the.  air  from  the  more  refractive  ocular  media 
and  the  convex  lens.  The  aim  and  effect  of  this  dioptric 
apparatus,  therefore,  is  to  form  a  collecting  system  like,  a 
magnifying  glass  or  bi-convex  lens,  and  thus  to  make  the 
rays  convergent  and  form  a  real  image. 

For  the  sake  of  simplicity,  the  refractive  properties  of 
the  human  eye  may  be  represented  by  a  convex  lens  of 
23  mm.  focus,  and,  as  in  the  diagram  (fig.  97),  it  will  be  seen 

that  the  parallel  rays 
passing  through  the 
lens  L  are  brought '  o  a 
focus  at  Em.,  23  mm. 
behind  the  lens  on 
the  principal  axis,xx, 
of  the  lens.  Conver- 
gent rays  (c)  would 
be  focussed  at  H., 
in  front  of  Em.,  and 
divergent  (d)  at  My.  behmd  Em.  The  diagram  will  there- 
fore give  an  idea  of  a  Hypermetropic,  Emmetropic,  and 
Myopic  eye,  as  far  as  the  relation  of  convergent,  parallel 
and  divergent  rays  to  the  respective  retinge  H.,  Em.,  My. 

The  diagram  (fig.  98)  shows  the  position  in  the  normal 
eye  of  the  cardinal  points  and  the  more  important  axes. 

The  nodal  point  (n)  may  be  considered  as  situated  at 
the  posterior  pole  of  the  lens,  though  strictly  speaking 
there  are  two  nodal  points,  one  in  front  and  the  other 
behind  n.  It  may  be  taken  as  the  optical  centre  of  the 
eye,  and  rays  passing  through  this  point  are  not  refracted 
and  form  secondary  axes. 

The  centre  of  rotation  (e)  of  the  eye  is  13-5  mm.  behmd 

the  cornea. 

The  optic  axis,  xx,  is  the  imaginary  hne  passmg 
through  the  centre  of  the  cornea  and  the  nodal  point,  and 
if  projected  backwards  falls  to  the  inner  side  of  the  macula 
M,  and  between  it  and  the  optic  disc. 
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The  visual  axis,  mno,  is  the  line  joining  the  object 
looked  at  o  with  the  macula,  passing  through  the  nodal 
point  N. 

The  li7ie  of  fixation  ro,  joins  the  centre  of  rotation  e, 
and  the  object  o  looked  at ;  it  corresponds  for  practical 
purposes  with  the  visual  axis. 

The  angle,  orx,  formed  by  the  line  of  fixation  and 
the  optic  axis,  is  known  as  the  angle  y,  and  varies  with 
the  refraction  of  the  eye ;  in  Em.  it  ^ 
is  about  5°,  but  is  larger  in  H.,  and 
smaller  in  My.  In  My.  the  angle 
may  be  absent,  the  line  of  fixation 
coinciding  with  the  optic  axis,  or  even 
be  negative  to  it,  the  line  of  fixation 
falling  to  the  temporal  side  of  the 
optic  axis.  These  variations  of  the 
angle  y  give  rise  to  apparent  squints. 

The  angle  y  must  be  distinguished 
from  the  angle  a,  which  is  formed  by 
the  visual  axis  and  the  major  axis  of 
the  corneal  ellipse. 

EEFRACTION  OF  THE  EYE.— This 
subject  is  considered  in  two  parts  : 
— Static  refraction  (commonly  called 
refraction),  in  which  the  eye  is  in  a 
state  of  rest,  the  accommodation  being 
completely  relaxed,  and  dynamic  re- 
fraction or  accommodation. 

Refraction  {static)  of  the  eye. — 
All  eyes,  as  far  as  static  refraction  is  concerned,  may  be 
divided  into  two  groups  :— (1)  Emmetropic ;  (2)  arnetropic. 

(1).  The  emmetropic  (f/j^/^erpos,  in  measure ;  ^,  eye)  eye 
(fig.  99)  is  taken  as  the  standard,  and  is  that  in  which 
parallel  rays  of  light  are  brought  to  a  focus  on  the  retina, 
and  divergent  rays  behind  the  retina. 

2.  The  ametropic  eye.  (ci,  not ;  f^irpov,  measure  ; 


Fig.  98.— Caedinal 
Points  and  Axes 
OF  Eye 
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eye),  in  which  parallel  rays  of  light  are  not  brought  to 

a  focus  on  the  retina,  includes  hypermetropia,  myopia, 

and  astigmatism. 

The  order  here  followed  is  first  to  describe  normal 

refraction  and  accommodation,  and  then  the  errors  of  re- 
fraction and  accommoda- 
tion.' 

p  J/Sf-^  \  Emmetropia  or  nor- 

X    ■r-;'^'  '{{  Y^^^Z^^^^f-^^^^  refraction  is  present  in 

P  "-'^^'^^^^^^^^^^^^^  1  an  eye  (fig.  99)  when,  with 

the  accommodation  com- 

T.     «n    -c.        -.r...  pletely   relaxed,  parallel 

Fig.  99.— Emmetropia  r       J  ■,        \\  , 

rays  (p)  are  brought  to  a 

focus  (f)  on  the  retina,  and  divergent  rays  (d)  behind  the 
retina  at  (/). 

Emmetropia,  in  the  strict  acceptation  of  the  term,  is 
rarely  met  with. 

As  a  rule,  the  emmetrope  should  not  complain  of 
symptoms  indicative  of  ocular  strain  or  trouble. 

Signs.  —  Subjective.     If  the  transparent  media  be 

healthy,  the  vision  should  be  at  least  I  and  made  worse 
by  placing  in  front  of  the  eye  a  -1--5  D.  sphere.  Under 
atropine,  the  vision  should  still  remain  |  or  be  but  Uttle 

altered. 

Objective  (accommodation  preferably  paralysed). 
Ophthalmoscope.  Direct  distant.-Only  the  red  reflex  is 
seen,  the  details  of  the  fundus  being  invisible. 

Betinoscopy.— 'With  the  concave  mirror  held  at  1  metre 
distant,  the  shadow  moves  faintly  against,  and  is  corrected 
by  a  weak  +  glass. 

>  It  must  be  remembered  that  in  the  following  descriptions  the 
eye  is  assumed  to  be  normal,  except  so  far  as  the  refraction  is 
concerned. 
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Direct  close. — The  details  of  the  fundus  are  seen  dis- 
tinctly without  a  lens  in  the  sight-hole,  and  become 
blun-ed  by  putting  up  a  +  '5  lens. 

Indirect. — No  alteration  in  the  apparent  size  of  the 
image  is  caused  by  moving  the  lens  to  and  fro. 

Diagnosis. — If  the  eye  is  under  atropine,  this  is  easily 
arrived  at  by  retinoscopy  and  the  direct  method. 

Distant  vision  being  perfect,  neither  myopia  nor 
astigmatism  can  be  present,  and  as  the  vision  is  made 
worse  by  +  glasses,  hypermetropia  must  also  be  absent, 
and  therefore  the  eye  is  emmetropic. 

Emmetropia  may  exist  with  diminished  distant  vision 
(tV.  -r2>  ff)  ill  cases  where  there  is  spasm  of  accommoda- 
tion, but  this  disappears  under  atropine. 

Dynamic  refraction  or  accommodation  is  the 
power  which  the  eye  is  able  to  exert,  by  means  of  the 
ciliary  muscle,  of  increasing  the  convexity  of  the  lens,  and, 
by  this  means,  its  refractive  power. 

In  an  emmetropic  eye  (fig.  99)  at  rest,  parallel  rays 
(p)   are   brought  to  a  focus  (f)  on  the  retina,  whilst 
diverging  rays     (d)    or  those 
coming  from  a  near  object  are 
focussed  (/)  behind  the  retina,  p 
Now  if  the  refractive  power  of  p 
the  eye  is  increased  by  the  ac- 
commodation rendering  the  lens 
more  convex   (fig.  100),  these      Fig-  100.  -Emmeteopia 
divergent  rays  (d)  can  be  brought  Accommodating 
to  a  focus  (/)  on  the  retina,  whilst  the  parallel  rays  (p) 
are  focussed  (f)  in  front  of  the  retina,  and  consequently 
distant  objects  will  appear  blurred  during  the  act  of 
accommodation. 

The  usually  accepted  theory  for  accommodation  is 
that  the  ciliary  muscle  by  its  contraction  pulls  forward 
the  choroid  and  relaxes  the  suspensory  ligament  of  the 
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lens ;  by  this  means  the  convexity  of  the  whole  lens  is 
increased  chiefly  at  its  anterior  surface. 

Tscherning  maintains  that  the  ciliary  muscle  in  con- 
tracting increases  the  tension  of  the  zonula,  and  thus 
induces  bulging  of  the  lens  anteriorly  towards  the  centre, 
and  hardly  at  all  towards  the  perixohery. 

It  must  be  distinctly  borne  in  mind  that  an  emme- 
trope  uses  no  accommodation  to  focus  parallel  rays. 
Eays  coming  from  an  object  situated  6  metres  or  more 
away  are  considered  for  practical  purposes  to  be  parallel, 
and  when  an  eye  is  in  a  state  of  rest  with  its  accommoda- 
tion completely  relaxed,  it  is  said  to  be  adapted  for  its 
punctimi  remotum  (p.r.),  this  being  the  farthest  point 
of  distinct  vision.  Conversely,  when  the  accommodative 
power  is  employed  to  produce  its  greatest  effect,  the  eye 
is  then  adapted  for  its  near  point,  or  punctwn  loroximum 
(p.p.).  The  p.p.  varies  therefore  with  the  amount  of 
accommodation  which  the  eye  possesses,  and  can  be 
practically  determined  by  noting  the  nearest  point  at 
whicb  the  patient  can  read  the  smallest  reading  type,  -5 
Snellen,  or  can  see  plainly  the  wures  of  the  optometer 
(fig.  13). 

The  range,  of  accommodation  is  the  amount  of  accom- 
modation necessary  to  enable  an  eye  adapted  for  its 
punctum  remotum  to  readjust  itself  for  its  punctum 
proximum,  and  in  distance  is  equal  to  p.r. -p.p. 

The  amplitude  of  accommodation  in  an  eye  is  the 
utmost  accommodative  power  which  that  eye  possesses. 

In  Em  and  My.  it  is  equivalent  to  the  range  of 
accommodation.  In  H.,  as  it  is  necessary  for  the  eye  to  first 
accommodate  in  order  to  focus  parallel  rays  (the  amount 
necessary  being  the  measure  of  the  hypermetropia),  this 
must  be  added  to  the  range  which  has  akeady  been  dis- 
covered, and  the  total— viz.,  the  range,  added  to  the 
amount  of  the  H.  in  dioptres— represents  the  amplitude 
of  accommodation. 
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As  the  lens  increases  in  size  during  life,  and  loses  a 
certain  amount  of  its  elasticity,  the  p.p.  tends  to  recede 
farther  from  .the  eye.  In  Em.  at  10  years  old  the  p.p.  is 
at  7  cm. ;  at  40  it  has  receded  to  22  cm. ;  at  50  to 
40'5  cm.  ;  and  at  75  the  accommodative  power  is  entirely 
suspended,  the  P.r.  and  P.p.  coinciding. 

The  amplitude  of  accommodation  in  Em.  is  obtained 
at  any  age  by  dividing  100  cm.  by  the  distance  of  the  p.p. 
in  centimetres  (see  Presbyopia). 

The  association  of  accommodation  and  convergence. — 
Besides  single  or  monocular  accommodation,  it  is 
necessary  to  consider  the  binocular  range  of  accommoda- 
tion, which  is  intimately  connected  with  binocular  vision 
and  therefore  with  convergence. 

The  act  of  accommodation  is  associated  normally  with 
convergence  of  the  two  eyes  and  also  with  contraction 
of  the  pupils.  The  estimation  of  convergence  power  by 
the  metre  angle  has  already  been  given  (p.  334),  and  the 
estimation  of  the  amount  of  accommodation  in  dioptres 
necessary  for  distinct  vision  at  any  distance  is  obtained 
in  a  similar  manner  to  the  amplitude — viz.  by  dividing 
100  cm.  by  the  distance  in  cm.  at  which  the  object  is 
situated.  It  is  found  in  normal  vision  that  the  number  of 
metre  angles  of  convergence  is  equivalent  to  the  number 
of  dioptres  of  accommodation  necessary  in  each  eye  to  see 
the  object  distinctly. 

Thus  for  distinct  vision  at  25  cm.,  4  D.  of  accommoda- 
tion {^-^S>)  are  required,  and  for  accommodation  at  12-5  cm., 
or  half  the  former  distance,  double  the  amount  of  acconwno- 
dation — viz.  8  dioptres — is  required,  and  so  on. 

We  have  already  found  that  the  amount  of  normal  con- 
vergence for  25  cm.  equals  4  m.a.  and  for  12-5  cm.  is  8  m.a. ; 
it  is  thus  seen  that  the  accommodation  and  convergence 
are  intimately  associated  and  should  vary  equally,  and 
that  we  have  a  method  of  comparison  between  these  two 
acts.     Thus,  an  Emmetrope  of  10  years  of  age  with 

B  B 
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p.p.  at  7  cm.  should  have  14  D.  of  accommodation  for 
that  distance  and  14  m.a.  of  convergence.  In  the  same 
way  at  40  years  of  age  with  a  p.p.  at  22  cm.  he  will  have 
4-5  D.  of  accommodation  and  should  have  4-5  m.a.  of 

convergence.  .  . 

Estimation  of  refraction.— There  are  three  prmci- 
pal  methods  by  which  this  can  be  done,  and  in  many 
cases  it  is  advisable,  to  avoid  error  in  diagnosis,  that  all 
should  be  employed.  ,  . 

1  By  the  testing  of  the  distant  and  near  vision  ot 
each"  eye,  and  the  correction  of  such  vision  by  glasses. 
This  is  the  least  reliable  method  by  itself. 

2.  By  retinoscopy. 

3  By  the  dhrect  ophthalmoscopic  method. 

l'  The  estimation  of  the  static  refraction  by  means 

of  vision  testing. 

Bequisites.-Test-tjves  for  distant  and  for  near  vision 

and  astigmatic  fan  (these  are  provided  at  end  of  book). 

Space  sufficient  to  allow  the  distant  type  to  be  placed 
at  6  metres  from  the  patient.  ,    .    ,  j 

Spectacle-frame,  and  box  of  lenses  (sphencal  and 
cylindrical),  a  measure  preferably  arranged  on  the  metric 
svstem  (for  description  of  these  see  appendix). 

The  patient  is  placed  at  6  metres  in  front  of  the 
distant  type,  which  must  be  hung  in  a  good  light  and  at 
about  the  level  of  his  eyes. 

Bach  eye  is  tested  separately,  whilst  the  eye  not  under 
examination  must  be  either  closed  or  shielded  by  a  card 
or  obtiirator  disc  in  the  spectacle-frame. 

The  number  of  the  smallest  line  of  the  distance  type 
which  is  read  is  noted,  and  then,  although  not  absolutely 
necessary,  valuable  information  may  be  gamed  by  gmng 
the  patient  the  near  reading  type,  and  measuring  the 
distance  at  which  of  his  own  accord  he  reads  the  sma 
type,  and  also  the  shortest  distance  at  which  he  still  can 
read' it  (p.p.)  and  the  greatest. 
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A  weak  convex  glass  (+  -5)  is  placed  in  front  of  the 
eye,  and  this  must  be  done  even  if  patient's  distant  vision 

is  g ;  we  thus  obtain  two  classes  of  cases  : 

A.  Those  in  which  distant  vision  is  not  made  worse 

by  a  convex  glass. 

B.  Those  in  which  distant  vision  is  made  worse  by  a 

convex  glass. 

A.  Distant  vision  not  made  worse  (remains  the 
same  or  is  improved)  by  a  weak  convex  glass  proves  the 
patient  to  be  hypermetropic. 

The  glass  must  now  be  increased  in  strength  and  a 
note  made  of  the  highest  glass  with  which  the  best  vision 
IS  obtained.  This  is  a  measure  of  the  manifest  hyper- 
metropia  (H.m.),  which  is  rarely  the  whole  amount  of  the 
H.  present.  The  absolute  hypermetropia  (H.a.)  can  be 
discovered  by  paralysing  the  ciliary  muscle  with  atropine 
or  homatropine  and  cocaine. 

Example  :  V.  E.E.  =  ^;  H.m  1  D  =  ? 

6  ■  6' 

V.  atropine  E.E.  =  4 ;  H.a.  2-5  D.  =  ^ 
12  6 

In  this  case  the  H.m.  =  1  D,  and  the  H.a.  =  2-5  D 

If  the  distant  vision  cannot  be  brought  up  to  ^  with 

convex  spheres,  compound  hypermetropic  astigmatism  is 
probably  present.  This  may  be  demonstrated  by  means 
of  the  astigmatic  fan,  when  it  will  be  found  that  aU  the 
lines  are  not  seen  distinctly. 

A  +  -25  cylinder  is  now  placed  in  front  of  the  highest 
convex  lens,  which  does  not  diminish  the  acuity  of  vision 
and  the  cylinder  is  rotated  till  the  axis  is  found. 

The  strength  of  the  cylinder  must  now  be  increased 
till  the  best  vision  is  obtained,  and  the  cylinder  then  will 
be  a  measure  of  the  astigmatism  present,  and  with  the 
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convex  sphere  already  found  will  represent  the  manifest 
compound  hypermetropic  astigmatism. 

Example  :    V.  E.E.      +  1-5  D.  =  ^  partly,  and 
+  l-5D.O+-75D.Cyl.  J  =  | 

B.  Distant  vision  made  worse  with  a  +  5  D. 
sphere. 

The  patient  is  either  emmetropic  or  ametropic. 
These  cases  may  be  divided  into  two  classes :  (1)  In 

which  the  vision  without  glasses  is     almost  all  these  cases 

are  emmetropic,  except  occasionally  young  subjects  in 
whom  there  is  spasm  of  accommodation,  causing  the  whole 
of  the  H.  to  be  latent  (in  these  cases  it  is  rare  to  obtain 

a  vision  of  ^)  ;  (2)  in  which  the  vision  without  glasses  is 
6/ 

less  than  ^. 

b 

These  cases  are  either  {a)  myopic  or  (&)  astigmatic, 
and  the  diagnosis  may  be  made  by  holding  the  fan  at  a 
distance  at  which  the  patient  can  see  it,  and  finding  out 
from  this  whether  any  of  the  lines  are  seen  less  distmctlj 
than  the  rest.  If  the  lines  are  seen  equally  well  the  patient 

is  myopic.  -,  ■    r  + 

a.  Myopia.— Conca.-ve  glasses  are  now  placed  m  tront 
of  the  eye,  commencing  with  the  low  ones,  —  "5  D.  or 
_.  1 D.,  and  gradually  increasing  till  the  best  vision  is  ob- 
tained.i  it  is  important  to  remember  that  the  lowest  glass 
giving  the  best  vision  is  the  measure  of  the  My.  For 
distant  vision,  a  rough  approximation  of  the  amovmt  of  My. 
maybe  obtained  by  the  letters  read.    Thus  a  myope  with 

V.  =  ^  has  about  -  1  D.,  with  1  -  2  D.,  and  with 
12 

•  In  the  high  degrees  of  myopia-viz.  more  than  6  D.— the 

Q 

corrected  vision  rarely  amounts  to  -. 
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g 

36  ~  ^'^  ^-  These  numbers  must  be  borne  in  mind,  as  if 
the  glass  procuring  -  is  manifestly  too  high,  there  is  pro- 
bably spasm  of  accommodation.  Example.  V.  =  -  -  3  D  - 

^  9  '6' 

whereas  if  the  case  were  simple  My.  of  3  D.,  the  correction 

would  be  V.=  A  -  3D.-. 

36  6 

Myopes  should  always  see  the  smallest  reading  print 
•5  at  a  certain  distance,  and  a  very  useful  method  of  esti- 
mating. My.  of  medium  and  high  degrees  is  by  measuring 
the  greatest  distance  in  centimetres  at  which  the  patient 
can  see  the  '5  type. 

The  amount  of  My.  is  obtained  by  dividing  100  by  this 
distance  (P.r.)  Thus  if  the  patient  sees  -5  at  26  cm.  the 
100  , 

My.  can  be  more  correctly  gauged  by  vision  testing 
than  any  other  form  of  ametropia. 

(b)  Astigmatism  (As.). — The  accurate  estimation  of  As.- 
by  vision-testing,  unless  retinoscopy  or  the  ophthalmo- 
scope has  been  previously  employed,  is  almost  impossible  ; 
from  this  fact  it  is  mere  waste  of  time  to  try  to  diagnose  the 
different  forms  of  As.  by  vision-testing,  and  the  descrip- 
tions hereafter  are  confined  to  testing  for  the  different  forms 
of  astigmatism  when  the  diagnosis  has  been  already  made. 

Simple  myopic  astigmatism. — Begin  with  —-5  1)  Cyl. 
and  rotate  it  till  the  axis  is  in  the  position  the  patient 

sees  best;  increase  the  strength  of  the  cylinder  till  - 

or  the  best  vision  is  obtained.   The  weakest  glass  produc- 
mg  this  is  the  measure  of  the  astigmatism. 

Ex. ;  V.  =  ^  -  1  D.  cyl.        =  | 

Simple  hypermetropic  astigmatism  is  estimated  in  a 
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similar  way  to  myopic  astigmatism,  except  that  convex 
cylinders  are  used,  and  that  the  highest  glass  with  which 
the  best  vision  is  obtained  is  the  measure  oi  the  astig- 
matism. 


.;  V.  =  |  +  -75  D.  Cyl.t=| 


6 
6' 


Ex..  ..-g 

Compound  myopic  astigmatism. — Begin  with  the  con- 
cave sphere,  correcting  the  lowest  meridian  which  has 
been  found  by  retinoscopy,  add  a  weak  concave  cylinder 
(•5  D.),  and  rotate  it  till  the  axis  is  found,  increase  the 
strength  of  the  cylinder  till  best  vision  is  produced.  If 

vision  is  not  improved  to  ?  make  changes  in  the  sphere,  but 
in  the  high  degrees  vision  is  seldom  improved  to  |. 
Ex. :  V.  =A  _  3  D.  Sph.  =  A,  and 

-3D.  Sph.  C  - 1'5  D-  Cyl.  = 

and  in  another  case 

Y  =  1-  ~  8  D.  Sph.  =  4'  and 
60  18 

-  8  D.  Sph.  C  -  2  D.  Cyl.        =  ^• 

Mixed  astigmatism.— Coimct  the  myopic  meridian  as 
nearly  as  possible  with  a  -  Sph.  then  place  +  Cyl.  of  a 
strength  equal  to  the  difference  between  the  meridians 
found  by  retinoscopy,  and  with  its  axis  in  the  myopic 
meridian,  rotate  slightly  till  the  best  position  is  obtained, 
and  note  the  angle  marked  on  spectacle-frame,  increase  or 

decrease  this  cylinder,  and,  if  vision  is  still  less  than  g, 

make  changes  in  the  sphere. 

Estimation  of  dynamic  refraction  {accommoda- 
tion).—This  is  equivalent  to  estimating  the  amplitude  of 
accommodation,  for  which  see  p.  368. 
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Retinoscopy  (keratoscopy,  skiascopy,  shadow  test) 
is  the  method  of  determining  and  estimating  the  refraction 
by  observing  the  changes  in  intensity  and  direction  of 
movement  of  the  shadow^s,  v^hich  are  produced  at  the 
edges  of  the  red  reflex,  seen  on  ilkiminating  the  eye  by  a 
concave  or  plane  mirror. 

When  hght  is  thrown  into  the  eye,  a  small  amount  of 
the  fundus  is  illuminated,  the  rest  being  in  shadow; 
therefore,  if  light  is  thrown  by  the  mirror  of  the  ophthal- 
moscope into  the  eye,  there  is  seen  an  illuminated  portion 
(red  reflex),  but  the  greater  part  of  it  is  in  shadow.  On 
rotating  the  mirror  the  red  reflex  moves  together  with  the 
shadow. 

The  requisites  are :  A  dark  room ;  a  lamp  placed 
behind  and  above  the  patient's  head  and  so  shaded  that 
the  light  is  only  thrown  towards  the  observer,  the 
patient's  face  being  in  shadow ;  spectacle-frame,  box  of 
lenses,  and  an  ophthalmoscopic  mirror. 

With  regard  to  the  patient :  The  pupil  is  preferably 
dilated,  and  the  accommodation  paralysed  by  a  mydriatic. 
The  transparent  media  should  be  clear,  and  there  must  be 
no  photophobia. 

The  observer,  seated  at  about  1  metre  distance,  throws 
the  light  from  the  large  concave  '  ophthalmoscopic  muTor 
into  the  patient's  eye,  whilst  the  patient  looks  steadily  in 
the  direction  of,  and  beyond,  the  mirror.  If  the  observer 
is  ametropic  he  should  either  wear  his  spectacles  or  else  a 
lens  correcting  his  refraction  in  the  sight-hole  of  the 
ophthalmoscope.  The  red  reflex  should  be  seen,  and  on 
rotating  the   mirror  slowly  so   that   the   light  moves 

'  In  this  description  a  concave  mirror  is  used,  as  it  is  supplied 
with  every  ophthalmoscope ;  but  some  oculists  prefer  to  estimate 
with  a  plane  mirror.  If  the  plane  mirror  be  employed,  the 
distance  of  the  observer  from  the  patient  should  be  increased ;  the 
shadows  will  then  move  in  exactly  the  opposite  direction  :  viz.  ivith 
for  H.  and  E.,  and  against  for  My. 
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horizontally  the  red  reflex  partly  disappears,  and  the 
manner  in  which  this  occurs  depends  upon  the  refraction 
of  the  eye.  If  Em.  or  H.,  a  shadow  appears  on  the  side 
towards  which  the  light  is  moving,  and  passes  across 
the  pupil ;  it  therefore  moves  against  the  direction  of  the 
light  from  the  mirror.  If  the  light  is  moved  vertically,  a 
similar  shadow  is  seen  also  to  move  vertically  and  in  the 
opposite  direction  to  the  light. 

If  a  low  convex  lens  is  placed  in  front  of  the  patient's 
eye,  the  movement  of  the  shadow  is  made  quicker,  and  by 
increasing  the  strength  of  the  lens  this  effect  is  also 
increased,  till  at  last  the  shadow  is  seen  to  alter  its 
direction  and  to  move  in  the  same  direction  as  the  light. 
In   My.,  the  shadow   appears  to   move  in  the  same 
direction  as  the  movement  of  the  observer's  mirror,  and  is 
corrected  by  placing  concave  glasses  in  front  of  the  patient's 
eye  till  the  movement  is  seen  to  be  against.    The  lens, 
which  just  neutrahses  the  shadow,  is  spoken  of  as  the 
correcting  lens,  and  this  will  be  for  the  distance  at  which 
the  observer  is  sitting  from  the  patient— viz.  1  metre ;  for 
infinity,  therefore,  about  1  dioptre  must  be  subtracted  fi'om 
all  results,  making  H.  and  Em.  a  little  less  than  the  retmo- 
scopy,  and  My;  a  Httle  more. 

Where  high  degrees  of  ametropia  are  present,  the  red 
reflex  is  usually  obscured,  and  the  shadow  consequently 
difficult  to  make  out ;  the  best  method  to  adopt  m  these 
cases  is  to  put  up  a  +  6  D.  and  then  -  6  D. ;  with  one  of 
these  lenses  the  red  reflex  will  be  made  stillmore  indistinct 
with  the  other  the  ametropia  will  be  more  or  less  corrected 
and  the  shadow  seen  without  difficulty ;  from  this  point 
the  retinoscopy  can  easily  be  completed.       ,      .    ,  . 

To  save  time,  in  an  ordinary  case,  after  the  shadow  is 
seen  at  the  commencement  of  the  examination,  a  moderately 
high  lens  of  about  3  dioptres  is  put  up,  and  the  retinoscopy 
continued  according  to  whether  this  under  or  over  corrects 
the  movement  of  the  shadow. 
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In  all  these  cases  each  meridian  is  corrected  separately, 
but  it  will  often  be  found  that  one  meridian  requires  a 
higher  lens  to  correct  its  shadow  than  the  other ;  in  these 
cases  As.  is  present. 

The  most  usual  positions  for  the  two  meridians  in  As. 
are  vertical  and  horizontal.  These  are  determined  by 
the  edge  of  the  shadow,  the  horizontal  meridian  having  a 
vertical  edge,  and  vice  versd. 

But  in  cases  of  astigmatism  it  is  frequently  found  that 
the  edges  of  the  shadows  are  placed  more  or  less  obliquely, 
but  still  at  right  angles  to  each  other.  In  correcting  these 
meridians  the  light  must  also  be  moved  in  an  oblique 
direction  and  parallel  with  the  movement  of  the  shadow. 

3.  The  direct  ophthalmoscope  method  of  estima- 
ting refraction  since  the  introduction  of  retinoscopy  has 
been  much  neglected.  This  is  a  fact  to  be  deplored,  as  the 
student  does  not  now  examine  the  disc  and  yellow  spot 
region  as  carefully  as  he  used  to.  In  cases  of  H.  this  method 
can  be  rendered  very  accurate,  even  to  half  a  dioptre,  but  in 
cases  of  myopia,  the  result  is  generally  not  so  correct. 

Beqtiisites. — Eefraction  ophthalmoscope,  and  a  lamp 
that  can  be  placed  beside  the  patient,  as  described  in 
Chapter  II.  p.  20,  '  Direct  Close  Ophthalmoscopic  Exam- 
ination.' 

The  observer  should  look  at  a  blood-vessel  between 
the  disc  and  macula,  and  then  move  the  wheel  of  the 
ophthalmoscope  so  that  the  -t-  glasses  are  rotated  in 
front  of  his  eye.  If  the  vessel  becomes  obscure  by  +-5D. 
or  -I-  ID.,  the  patient  is  not  H. ;  but  if  it  is  seen  as  well, 
or  better,  the  higher  lenses  +2D.  &c.  are  used  till  the 
vessel  becomes  a  little  blurred.  It  saves  time  to  pass  the 
lenses  rather  quickly,  and  to  make  the  vessel  appear  ob- 
scured as  soon  as  possible,  and  then  to  rotate  the  wheel 
in  the  opposite  direction  till  the  vessel  is  seen  clearly  again. 
The  highest  glass  with  which  the  vessel  can  be  seen  dis- 
tinctly is  the  measure  of  the  H. 
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My.  is  estimated  in  a  similar  way,  but  the  lowest  glass 
with  which  a  vessel  can  be  seen  distinctly  is  the  measure 
of  the  refraction. 

Astigmatism  can  be  measured  by  taking  vessels  which 
run  in  different  directions,  preferably  vertical  and  hori- 
zontal, and  correcting  them. 

In  estimating  the  refraction  by  the  direct  close  method, 
the  observer  must  be  able  to  keep  his  accommodation 
completely  relaxed,  and  if  he  be  ametropic  he  can  either 
place  a  lens,  completely  correcting  his  error  of  refraction, 
behind  the  sight-hole  of  the  ophthalmoscope  in  the  disc 
(fig  5,  I),  or  else  he  must  allow  for  his  own  error  by  sub- 
tracting or  adding  it  to  the  result  obtained.  This  can  be 
done  by  considering  the  lens  representing  the. observer's 
refraction  as  zero  in  the  chain  of  lenses,  and  counting  from 
it.  Thus  if  the  observer's  refraction  is  -f  3,  and  in  a 
case  the  details  are  best  seen  by  him  with  -1-  7D.,  as  +S  is 


Fig.  101.— Htpbrmeteopia         Fig.  102.— Hypeemeteopia  coe- 

EECTED  BY  CoNVEX  LeNS 

zero,  the  patient  must  have  +  4D.  of  H. ;  and^if  in  another 
case  -5  is  the  lowest  concave  glass  with  which  detaUs 
are  seen  distinctly,  as  -f  3  is  zero,  the  patient  must  be 
myopic  to  the  extent  of  8D. 

ERRORS  OF  REFRACTION.— Kypermetropia  {iirip, 
above  ;  i^erpov,  measure  ;  ^ij^,  eye).  Definition.-An  eye  is 
hypermetropic  (fig.  101)  when  with  the  accommodation 
completely  relaxed,  parallel  rays  (p)  are  brought  to  a  focus 
(f)  behind  the  retina  and  divergent  rays  (d)  still  further 

back  if).  fr.     nn  \ 

This  eye  at  rest  is  adapted  for  convergent  rays  (fag.  97c), 
and  as  such  rays  are  only  found  after  passing  through 
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certain  refractive  media,  it  follows  that  a  hypermetropic 
eye  cannot  form  a  distinct  iixiage  of  any  object,  far  or  near, 
without  either  increasing  the  convexity  of  the  lens  by  the 
act  of  accommodation,  or  placing  a  convex  lens  (fig.  102) 
in  front  of  the  e,ye  of  such  a  strength  that  the  rays  are 
made  sufficiently  convergent. 

It  will  thus  be  seen  that  the  hypermetropic  eye,  unless 
provided  with  a  convex  glass  equal  to  its  H.,  is  con- 
tinually accommodating  both  for  far  and  near  objects. 
The  effect  of  this  condition  is  that  the  ciliary  muscle  is 
more  or  less  in  a  state  of  spasm,  and  from  this  spasm 
being  difidcuit  to  overcome  and  relax,  the  amount  of  H. 
present  can  as  a  rule  only  be  found  by  the  aid  of  atropine. 
Hypermetropia  is  divided  into  absolute  H.  (H.a.),  the 
amount  found  when  the  cihary  muscle  is  not  acting,  and 
manifest  H.  (H.m.),  that  found  by  vision  testing  without 
complete  relaxation  of  the  cihary  muscle. 

The  difference  between  these  amounts  is  called  the 
latent  H.  (H.I.).    Thus  : 

V.=  I  H.m.  1-5  D.  =  ^  ;  atropine  -^H.a.  2-5  D.  ^. 
y  6  18  6 

In  this  case  the  manifest  H.  is  1-5  D.,  the  absolute 
H.  2-5  D.,  and  the  latent  H.  1  D. 

H.  usually  dates  from  birth,  and  most  children  are 
hypermetropic  at  birth,  though  they  may  afterwards 
become  less  hypermetropic,  emmetropic  or  myopic. 
Most  mammals,  except  man,  are  hypermetropic. 

H.  is  usually  described  as  due  to  a  want  of  develop- 
ment of  the  eye.  In  most  cases  there  is  a  shortening  of 
the  antero-posterior  diameter,  and  this  variety  is  known 
as  axial  H.,  which,  though  generally  congenital,  may  be 
produced  by  detachment  or  tumours  pushing  the  retina 
forwards.  I^,  may  also  be  caused  by  changes  in  the 
media,  as  flattening  of  the  cornea  following  cicatrices 
produced  by  wounds  or  inflammation  ;  lowered  refractive 
index  of  the  lens  in  old  people  about  70  (acqicired  S)  ■ 
dislocation  or  removal  (aphakia)  of  the  lens. 
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The  symptoms,  when  present,  are  those  of  asthenopia 
{da-Oevri?,  weak  ;  (oij/,  eye)  due  to  excessive  accommodation, 
and  are  therefore  more  marked  after  close  work,  as  read- 
ing, sewing,  especially  by  means  of  artificial  light.  They 
consist  of  flushing  of  the  conjunctival  vessels,  slight  photo- 
phobia, blinking,  deep-seated  pain  referred  to  the  iDack  of 
the  eyes  and  lachrymation  ;  near  objects  as  print  appear 
distinct  one  moment  and  blurred  the  next.  Headache, 
generally  frontal  though  sometimes  vertical  or  occipital, 
neuralgia  and  migraine  are  frequently  complained  of, 
especially  when  the  patient  is  out  of  health. 

These  symptoms,  due  to  the  accommodative  strain,  may 
scarcely  be  felt  when  the  patient  is  young  and  enjoying  good 
health  with  plenty  of  out-door  exercise,  but  occur  when  he 
follows  sedentary  occupations,  and  are  frequently  met  with 
when  a  boy  leaves  school  for  the  university  or  an  office. 
They  are  also  found  after  debihtating  illness,  pregnancy 
or  lactation,  and  are  then  attributed  to  the  loss  of  tone 
in  the  cihary  muscle  setting  free  latent  hypermetropia. 

Signs.— Objective.  The  eyes  appear  more  deeply  set 
than  usual,  and  farther  apart;  the  sclerotic  in  front  is 
flatter  and  the  anterior  chamber  shaUow.  There  may  be 
an  apparent  external  strabismus. 

In  high  and  moderate  degrees  of  H.  there  is  a  flattemng 
and  want  of  relief  in  the  face  especially  noticeable  about 
the  root  of  the  nose,  forehead  and  orbital  borders  ;  in  the 
low  degrees  these  signs  are  not  as  a  rule  observable. 

Vision    testing.— Distant  vision    is   generally  good 

or       in  H.  of  less  amount  than  3  D.,  and  in  young 

adults  may  be  so  up  to  6  D.,  but  in  adults  over  20  the 
acuity  of  vision  is  usually  reduced. 

The  vision   of  an  eye  under  atropme  is  sensibly 

reduced,  and  though  a  patient  may  see  ^  without  glasses 

n 

this  probably  becomes      under  atropine. 
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Near  vision. — The  P.p.  in  H.  is  for  the  same  age  farther 
away  than  it  is  in  Em. 

Ophthalmoscope,  direct  distant. — The  retinal  vessels 
and  the  disc,  when  seen,  appear  to  move  in  the  same 
direction  as  the  observer's  head,  the  image  being  erect. 

Betinoscopy. — With  the  concave  mirror  held  at  about  1 
metre  distant,  the  shadow  moves  distinctly  agaifist,  and 
can  be  corrected  by  the  addition  of  convex  lenses  placed 
in  front  of  the  patient's  eye.  The  lens  which  just  corrects 
the  shadow,  if  a  slight  deduction  be  made  for  the  distance 
the  observer  is  sitting  at,  is  the  measure  of  the  H. 

Direct  close  (see  footnote,  p.  15).— Details  of  the  fundus 
can  be  seen  distinctly  with  convex  glasses  behind  the 
mirror.  The  highest  convex  glass  which  can  be  used 
will  indicate  the  amount  of  the  H.  present  within  a  smaU 
margin  of  error,  depending  mostly  on  the  observer's  skill. 
The  retinal  vessels  near  the  disc  frequently  appear  dilated 
and  tortuous  ;  a  crescent  may  be  present,  and,  especially 
in  the  young,  the  retina  has  an  appearance  like  watered 
or  shot  silk. 

Indirect  method. — On  withdrawing  the  objective  lens 
any  details  of  the  fundus  seen  decrease  in  size. 

Comp/icai^ows. —Hypermetropes  are  predisposed  to 
many  forms  of  chronic  inflammation  of  the  hds,  lashes, 
and  conjunctiva ;  among  these  may  be  mentioned  ciliary 
blepharitis  and  phlyctenular  conjunctivitis.  Glaucoma 
is  more  frequently  met  with  in  hypermetropic  eyes  than  in 
any  others,  and  spasm  of  accommodation  is  found  in  young 
adults.  The  most  important  complication  is  convergent 
concomitant  strabismus  (p.  348). 

Pathology. —The  hypermetropic  being  a  small  eye 
there  is  less  room  for  the  ciliary  muscle,  and  in  conse- 
quence the  ciliary  body  is  placed  further  forward,  with  the 
result  that  in  the  arrangement  of  the  muscle  the  anterio]' 
or  circular  fibres  appear  more  numerous  ;  in  addition  to 
this,  owing  to  the  increased  necessity  for  accommodation. 
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there  is  a  tendency  for  the  ciliary  muscle  to  become 
hypertrophied. 

The  diagnosis  should  be  made  by  retinoscopy,  or  by 
the  direct  close  ophthalmoscopic  method,  although  in 
adults  H.  may  be  fairly  accurately  found  by  vision  testing, 
without  paralysing  the  accommodation.  Any  patient 
who  can  see  as  well  or  better  at  a  distance  with  a  +  glass 
must  necessarily  be  hypermetropic,  and  the  highest  glass 
with  which  he  can  see  perfectly  indicates  the  amount  of 
the  H.  which  is  manifest.  It  must  be  remembered  that 
H.  may  be  present  although  no  manifest  H.  can  be  found. 

Vision  testing  with  atropine.  The  highest  +  glass 
which  the  patient  can  tolerate  for  distant  vision  indicates 
the  absolute  H.  If  the  manifest  H.  be  deducted,  the  latent 
H.  or  that  which  was  obscured  by  spasm  of  the  cihary 
muscle,  is  shown. 

Prognosis. — In  children,  when  H.  is  due  to  a  shortened 
visual  axis,  there  is  a  tendency  for  the  ametropia  to  diminish 
as  the  eye  increa.ses  owing  to  the  growth  of  the  child. 
The  percentage  of  bypermetropes  among  children  is  far 
greater  than  among  adults. 

H.  in  adult  life  as  a  rule  remains  stationary,  but  in 
some  cases  in  young  adults  the  H.  rapidly  diminishes  and 
myopia  sets  in  ;  this  is  really  a  form  of  progressive  myopia 
beginning  in  a  hypermetrope.  After  the  age  of  50,  a 
slight  increase  may  commence  and  slowly  progress  till  the 
age  of  80,  when  the  increase  amounts  to  about  2  D.  This 
is  due  to  a  change  in  the  refractive  index  of  the  lens. 

Treatvient.—ln  young  children  under  four  years  of 
age  where  H.  has  been  found,  care  must  be  taken  that  the 
child  does  not  use  his  eyes  more  than  is  absolutely  neces- 
sary for  near  objects  till  proper  correcting  glasses  can  be 
used  with  safety  ;  this  will  usually  be  at  about  f om-  or  five 
years,  according  to  the  disposition  of  the  child.  The  glasses 
must  be  decided  upon  after  examination  under  atropine  by 
the  direct  ophthalmoscopic  method  or  retinoscopy.    If  the 
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child  has  ah-eady  a  convergent  squint  it  is  all  the  more 
important  that  accommodation  and  convergence  should 
be  used  as  little  as  possible  till  the  ametropia  is  corrected. 

In  young  adults  with  small  amount  of  H.,  if  the  patient 
has  perfect  vision  with  both  eyes  at  all  distances  and 
neither  asthenopia  nor  squint,  it  is  unnecessary  to  order 
glasses.  In  slight  cases  of  H.  (less  than  2  D.)  with 
asthenopia,  &c.,  the  total  H.  may  be  corrected  and  the 
glasses  only  used  for  reading  and  near  work.  In  higher 
degrees,  especially  if  the  patient  has  not  previously  worn 
glasses,  great  care  must  be  taken  not  to  fully  correct  the 
error,  as,  if  a  sudden  change  be  made,  the  relation  existing 
heretofore  between  accommodation  and  convergence  is  no 
longer  maintained.  The  whole  of  the  manifest  H.  may 
be  corrected  and  the  glasses  always  worn  ;  after  a  few 
months,  if  much  latent  H.  be  present,  the  strength  of  the 
glasses  may  be  increased. 

In  patients  of  35  and  upwards  there  is  seldom  any 
latent  IL  In  these  cases,  it  is  best  to  correct  all  or 
nearly  all  the  absolute  H.  The  correcting  glasses  should 
be  worn  always  for  near  work  and  constantly  if  asthenopic 
symptoms  continue.  Where  the  amplitude  of  accommo- 
dation is  less  than  +  3  D.  from  whatever  cause— viz.  old 
age,  weakness,  &c.— two  pairs  of  spectacles  will  be  neces- 
sary, one  pair,  correcting,  all  or  nearly  all  the  absolute 
H.,  to  be  worn  for  distance,  and  the  other  of  a  greater 
strength,  for  reading  and  near  work. 

In  hypermetropes  with  convergent  concomitant 
strabismus,  the  correcting  glasses  must  be  worn  constantly, 
and  if  in  a  young  patient  the  squinting  eye  is  amblyopic,' 
an  attempt  should  be  made  to  improve  the  vision  by 
covering  up  the  glass  in  front  of  the  good  eye  for  an  hour 
or  two  every  day.  Under  this  treatment  the  squint  may 
entirely  disappear  ;  if  it  fails,  operative  procedure  must  be 
resorted  to,  if  the  vision  in  the  squinting  eye  after  correc- 
tion by  glasses  is  fairly  good. 
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Aphakia  is  the  condition  of  the  eye  when  the  lens, 
from  removal  or  dislocation,  no  longer  fills  the  pupillary 
aperture. 

The  effect  on  the  static  refraction  of  the  eye  is  to 
reduce  it  to  the  extent  of  about  10-12  dioptres ;  conse- 
quently unless  the  patient  was  very  myopic  previously  he 
now  becomes  extremely  hypermetropic.  It  is  worthy  of 
note  that  in  cases  of  excessive  myopia  the  reduction  in  the 
static  refraction  is  usually  much  greater  than  12  D.  and 
may  amount  to  as  much  as  20  D.  Consequently  aphakia 
and  myopia  are  rarely  associated.  The  dynamic  refraction 
is  of  course  entirely  abolished. 

The  signs  by  which  this  condition  may  be  diagnosed 
are  the  following  :  the  presence  of  only  the  corneal  reQex 
on  focal  illumination,  the  images  normally  seen  on  the 
anterior  and  posterior  sm^faces  of  the  lens  being  absent ; 
a  deep  anterior  chamber  with  the  anterior  plane  of  the 
iris  flattened  or  even  concave;  a  tremulous  iris  upon 
movement  of  the  eye;  and  the  complete  absence  of  any 
power  of  accommodation.  . 

It  is  thus  seen  that  the  patient,  if  both  eyes  are  aphakic, 
is  clinically  in  a  similar  condition  to  that  of  a  hyperme- 
trope  of  the  age  of  75,  and  will  require  at  least  two 
pairs  of  spectacles. 

Treatment.-li  both  eyes  are  in  a  condition  of  aphakia, 
as  a  rule  most  patients  manage  fairly  well  with  full  coitcc- 
tion  for  distance  glasses  and  an  increased  strength  oi 
+  3-5  or  +  4  D.  for  reading  glasses,  though,  if  expense  is 
no  object,  an  intermediate  strength  for  the  middle  distance 
is  also  very  useful.  To  save  the  necessity  of  constantly 
changing  the  glasses  two  strengths  are  often  combined  m 
each  Se  of  the  spectacle-frame  (bi-focal  or  Frankhn 

iTone  eye  only  is  aphakic,  binocular  vision  is  impossible, 
and  therefore  a  glass  should  only  be  given  if  the  vision 
corrected  is  better  than  that  of  the  other  eye. 
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Myopia  {fiv(^,  I  close ;  ^ij/,  eye)  is  present  in  an  eye 
(fig.  103)  when,  with  the  accommodation  completely  re- 
laxed, parallel  rays  (p)  are  brought  to  a  focus  (f)  in  front 
of  the  retina,  and  certain  divergent  rays  (d)  depending  on 
the  amount  of  the  My.  are  focussed  (/)  on  the  retina. 

It  must  be  clearly  understood  that  only  divergent  rays 
(fig.  97),  coming  from  a  distance  dependent  on  the  amount 
of  My.,  are  brought  to  a  focus  on  the  retina,  as  rays  from 
points  farther  away  are  focussed  in  front  of,  and  those 
nearer  to'  the  eye,  behind  the  retina. 

,    From  this  it  follows  that  the  myopic  eye  (fig.  103) 
could  only  receive  parallel  rays  if  it  were  possible  for 
the  lens  to  become  less  convex  by  relaxing  accommodation 
or  by  employing  a  concave  lens  which  would  make 
parallel  rays  sufficiently  divergent  (fig.  104). 


p- 

p- 

Fig.  103.-MYOPIA  Fig.  104.-Myopia  coeeected 

BY  Concave  Lens 

In  My.  the  P.r.  is. at  a  distance  less  than  infinity,  and 
this,  the  greatest  distance  at  which  the  smaUest  print  can 
be  distinctly  seen,  is  the  measure  of  the  myopia  •  thus  if 
It  IS  seen  at  "5  metre,  the  My.  =  2  D.,  and  if  at  -25  metres 
My.  =  4D.  . 

The  P.p.  depends  on  the  ampHtude  of  accommodation 
and  theoretically,  with  an  equal  effort  of  accommodation' 
the  P.p.  IS  nearer  than  in  Em.  or  H.  ' 
In  My.  the  range,  of  Acc.  is  equivalent  to  the  amplitude 
My.,  m  contradistinction  to  H.,  is  rarely  present  at 
birth,  and  commences  as. a  rule  from  about  8  to  10  years 
of  age,  when  a  child  is  beginning  to  use  his  eyes  more  for 
near  objects,  as  lesson-books. 


c  0 
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My.  may  have  its  origin  in  (1)  elongation  of  the  optic 
axis  (axial  My.),  or  (2)  changes  in  the  refraction  of  the 
lens  (refractive  My.). 

(1)  Axial  myopia. — This  is  generally  produced  by 
enlargement  of  the  whole  eye  during  the  period  of  active 
development  (8  till  18  years),  or  rarely,  before  birth.  It 
may  also  result  from  a  hmited  protrusion  of  the  sclerotic 
(posterior  staphyloma),  or  occasionally  from  too  great 
convexity  of  the  cornea  (conical  cornea). 

(2)  Befractive  myopia  is  usually  due  to  spasm  of  the 
cihary  muscle  (accommodation  spasm),  or  sometimes  to 
changes  in  the  lens  itself,  as  cataract. 

Symptovis  are  sometimes  absent,  and  in  slight  degrees 
patients  may  have  no  idea  that  their  distant  vision  is 
not  up  to  the  average.  The  most  common  complaint^  is 
blurred  distant  vision,  with  sometimes  pain  on  either  side 
of  the  nose  after  reading  (convergent  asthenopia).  In 
progressive  My.,  deep-seated  pain  in  the  eyes  is  usually 
present,  and  one  or  more  of  the  various  complications 
which  are  usually  associated  with  these  cases. 

Thus  high  myopes  see  badly  at  night;  complain  at 
times  of  sparks,  circles,  and  flashes  of  hght;  straight 
lines  may  appear  broken  or  bent ;  photophobia  may  be 
very  troublesome;  dark  patches  may  be  seen  before 
the  eye,  and  these  relative  scotomata  may  become  ab- 
solute ;  there  may  be  mental  hallucinations,  as  seeing 

The  signs  are  elongation  of  the  head  in  the  antero- 
posterior diameter  (dolichocephalic),  a  long  face,  large 
prominent  eyes  with  dilated  pupils,  and  deep  anterior 
chambers  ;  a  pecuHar  peering  mode  of  screwing  up  the 
eyes  and  making  the  palpebral  apertures  mto  chmks  ; 
any  near  work,  as  print  or  sewing,  is  held  very  close 
to  the  eyes.  Patients  generally  have  a  stoopmg  gait, 
are  round-shouldered  and  tend  to  acquii-e  a  contracted 
chest. 
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In  high  My.  binocular  vision  is  very  rarely  met  with, 
owing  to  the  ellipsoidal  shape  of  the  eyeball,  and  its 
interference  with  convergence  movements. 

Vision  testmg. —Bist&nt'  vision  is  always  below  the 
normal,  and  is  lower  in  proportion  as  the  My.  is  higher. 
Vision  of  near  objects  is  good,  and  the  patient,  if  allowed 
to  choose  his  own  distance,  ought  to  be  able  to  see 
Sn.  -5.  Under  atropine  the  distant  vision  is  not  greatly 
reduced.  In  estimating  refraction  in  young  people  without 
atropme,  the  liability  of  the  apparent  My.  being  due 
to  spasm  of  accommodation  must  always  be  taken  into 
account. 

The  reduction  of  distant  vision  varies  according  to 
the  amount  of  the  My.  thus,  a  patient  with  -  1  D.' 
sees  about  ~  or  more,  — 2D.  —   _3T)6       a  t\  ^ 
12  18'      ^  -^-36'  ~^^-66 

or  less. 

These  figures  are  important  to  bear  in  mind,  as  beside 
real  My.  cases  occur  in  children  and  young  adults  of 
apparent  My.  resulting  from  spasm  of  the  ciliary  muscle 
In  these  cases,  the  distant  vision  is  not  reduced  in  a 
degree  corresponding  to  the  glass  necessary  to  give 
V.=— .  This  spasm  may  induce  a  My.  of  4  to  5  D.,  and 
disappears  under  atropine  (see  p.  409). 

Ophthalmoscope,  direct   distant.—A   small  inverted 
image  of  the  fundus  can  usually  be  seen,  and  will  appear 
to  move  m  the  opposite  direction  to  the  observer's  head 
Betmoscopy. —With  the  concave  mirror  held  at  a  dis 
tance  of  1  metre,  the  shadow  is  seen  to  move  distinctlv 
with,  and  is  corrected  by  the  addition  of  concave  lenses 
put  m  front  of  the  patient's  eye  ;  the  lowest  lens,  which 
overcorrects  and  makes  the  shadow  move  against  the 
direction  of  rotation  of  the  observer's  mirror,  is  about  1  D 
less  than  the  amount  of  the  My. 

In  high  degrees,  the  shadow  is  very  faint,  but  becomes 
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darker  and  moves  more  quickly  on  putting  up  concave 
lenses. 

Direct  close  (see  footnote,  p.  15).— Details  of  the 
fundus  cannot  be  seen  distinctly  until  a  concave  lens  is 
placed  behind  the  mirror,  and  the  lowest  concave  glass 
with  which  the  details  are  seen  clearly  will  indicate  the 

amount  of  My. 

A  crescentic  wiiitish  patch  is  often  seen  on  the  outer 
side  of  the  disc,  due  to  thinning  of  the  choroid,  and  is 
called  a  myopic  crescent  (Plate  IV.  b.). 

Indirect— On  withdrawing  the  lens  slightly,  the  de- 
tails seen  will  appear  to  increase  in  size. 

Two  clinical  varieties  may  be  described— namely, 
simple  (which  does  not  tend  to  increase  much)  and  ^jro- 
aressive  (resulting  generally  in  high  My.).  It  is  very 
difficult  to  draw  a  hard-and-fast  line  in  this  classification, 
as  all  cases,  except  the  rare  congenital  forms,  commence 
as  simple  myopia  and  increase  either  slowly  or  quickly. 

The  course  varies  greatly  both  as  to  rate  of  mcrease 
and  length  of  time  during  which  that  increase  continues. 
In  an  ordinary  case  6f  simple  My.,  the  increase  is  very 
slight,  perhaps  1  D.  a  year  for  two  or  thi-ee  years,  and 
tben  the  progress  ceases.  In  the  progressive  form  it 
increases  at  a  greater  rate  and  for  a  longer  time,  and  m 
extreme  cases  the  increase  maybe  as  much  as  5  D.  m 
six  months  {malignant  My.).  In  all  orms  of  My.  there 
is  seldom  any  increase  after  the  age  of  25.  In  high  My. 
the  amount  reacbed  <jnay  be  as  much  as  25  D  _. 

■  In  low  degrees  under  3  D.  the  only  complication  as  a 
rule  is  the  atrophic  change  in  the  choroid  near  the  disc 
called  a  myopic  crescent,  which  is  generally  limited,  and 
?e  than  one-fifth  of  the  diameter  of  the  disc  m  width. 
The  crescent  may  be  greyish  or  white,  the  edges  sharply 
cut  or  irregular,  with  the  retinal  vessels  passmg  across  it. 

l?rom  3  D  to  6  D.  the  crescent  is  usually  more  marked, 
and  if  at  any  time  the  My.  has  been  stationary  thei-e  may 
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be  two  concentric  crescents,  the  more  recent  one  being 
on  the  outer  side  of  the  first.  As  a  rule  there  are  no 
symptoms  of  asthenopia.    From  6  D.  upwards  the  My. 

6 

may  be  called  Jiicjh ;  the  vision  is  seldom  ~-  when  cor- 

6 

rected  with  glasses,  the  crescent  is  nearly  always  present, 
and  its  width  is  greater  and  may  even  exceed  the  diameter 
of  the  disc.  A  posterior  staphyloma  or  limited  bulging 
of  the  sclerotic  may  take  the  place  of  the  crescent. 

Insufficiency  of  convergence,  which  may  give  rise  to 
asthenopia  (muscular),  is  commonly  present  and  often 
leads  to  external  strabismus. 

In  malignant  My.,  there  is  generally  a  well-marked 
posterior  staphyloma,  patches  of  choroidal  atrophy  exposing 
the  sclerotic,  and  generally  appearing  as  if  punched-out, 
and  having  deeply  pigmented  edges  (fig.  41).  The  optic 
disc  may  be  hypersemic  and  its  edges  indistinct.  Eetinal 
hemorrhages,  especially  in  the  neighbourhood  of  the 
yellow  spot,  and  pigmentary  changes  in  the  same  region, 
radiating  streaks  in  the  retina  as  if  due  to  traction,  and 
detachments  of  the  retina  occasionally  occur  ;  vitreous 
opacities  are  often  present,  and  occasionally  lenticular 
striae.  Owing  to  these  retinal  and  choroidal  complications 
the  vision  may  be  reduced  even  to  only  perception  of  light. 

In  most  cases  of  axial  My.  jjredisposing  causes  may 
be  found.  Amongst  these  heredity  and  race  are  probably 
the  most  important ;  but  the  increased  percentage  of 
myopes  in  town  dwellers  makes  environment  another 
factor,  probably  because  distant  vision  is  not  so  necessary 
or  so  much  used  as  by  dwellers  in  the  country.  The 
Hebrew  and  German  races  are  especially  subject  to  My. 

Detenmning  causes.— The  age  of  the  patient  from  8 
to  16.  During  this  time  the  most  active  growth  of  the 
eye  takes  place,  and  it  corresponds  to  the  period  of  school 
life,  with  long  hours  of  work  at  short  distances. 

Many  children  acquire  a  habit  of  holding  print  close 
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to  the  eyes,  and  exert  in  consequence  exaggerated  conver- 
gence power,  which,  from  pressure  of  the  internal  recti 
tends  to  elongate  the  eyeball.  Other  factors  associated 
with  work  at  a  short  distance  are  faulty  position  of  the 
body,  the  patient  leaning  over  his  work  and  so  inducing 
congestion  of  the  head  and  interference  with  the  circula- 
tion; insufficient  and  bad  illumination,  and  the  use  of 
print  the  letters  of  which  are  badly  formed,  being  too  close 
together  or  too  small ;  loss  of  health,  especially  when 
associated  with  anaemia,  in  those  already  somewhat  pre- 
disposed to  My. 

Axial  myopia  is  very  seldom  found  at  birth,  is 
rare  before  the  age  of  7  or  8,  and  most  commonly 
begins  to  appear  about  10.  This  is  probably  due  to  the 
fact  that  from  12  to  18  the  eye  acquires  its  final  form, 
and  at  this  period  there  is  usually  associated  a  large 
amount  of  near  work. 

A  tendency  to  myopia  is  produced  by  prolonged  read- 
ing and  near  work  ;  this  is  shown  by  the  preponderance  of 
myopes  over  hypermetropes  found  among  studious  races, 
where  the  near  vision  is  more  used  than  the  distant, 
whereas  among  savage  races,  where  acuity  of  distant 
vision  is  a  vital  factor,  myopia  is  almost  unknown. 

The  diagnosis  in  most  cases  can  be  made  by  taking 
the  distant  vision,  which  is  usually  much  reduced,  and 
then  obtaining  a  near  vision  of  '5  Sn.  at  some  distance. 
It  can  be  diagnosed  from  spasm  of  accommodation 
by  the  diminution  of  distant  acuity  of  vision  not  corre- 
sponding to  the  glass  correcting  the  error  of  vision,  and 
also  by  the  apparent  myopia,  due  to  spasm,  disappearing 
on  atropinisation  of  the  eye. 

The  amount  of  My.  found  in  a  case  by  glasses  with- 
out atropine  being  used  is  frequently  too  high ;  in  the  same 
way  My.  estimated  under  atropine  is  generally  about  1  D. 

too  low.  . 

The  crescent,  though  generally  present,  is  not  dia- 
gnostic, as  it  is  found  in  H.  or  As. 
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Malignant  My.  can  only  be  diagnosed  by  the  history 
of  the  symptoms  and  by  examinations  of  the  vision  at 
different  times. 

Prognosis. — In  low  and  moderate  degrees  of  My.  there 
is  no  tendency  after  the  age  of  25  to  any  increase.  In 
simple  My.  without  complications,  there  should  be  no 
increase  in  most  cases  if  proper  correcting  glasses  are  worn. 

In  malignant  Myopia  with  retinal  and  choroidal  com- 
plications, the  prognosis  is  grave,  as  even  if  the  disease 
is  arrested  with  useful  vision,  the  patient  must  for  some 
years  use  his  eyes  as  little  as  possible  for  close  work, 
and  this  must  necessarily  interfere  with  the  pursuit  of  all 
sedentary  occupations. 

_  My.  by  the  laity  is  generally  called  strong  sight,  and 
this  probably  arises  from  the  fact  that  myopes  can  read 
without  glasses  after  45,  when  even  emmetropes  have 
to  take  to  spectacles  for  close  work.  A  myope  of 
1  to  3  D.  has  certainly,  with  the  exception  of  imperfect 
distant  vision,  a  distinct  advantage  in  not  needing  to  use 
his  ciliary  muscle  so  much,  which  enables  him  to  read 
much  longer  at  a  time  without  symptoms  of  asthenopia. 
Myopes  are  less  liable  to  glaucoma  or  complete  cataract 
than  other  forms  of  ametropia. 

The  treatment  of  My.  is  directed  to  the  maintenance 
of  binocular  vision,  together  with  the  prevention  in  young 
adults  of  the  further  progress  of  the  disease. 

The  improvement  of  distant  vision,  which  is  often  all 
the  patient  asks  for,  is  of  minor  importance. 

Preventive  treatment. —The  following  rules  should  be 
adopted  with  aU  young  myopes  in  order  to  check  ,any 
tendency  to  increase  in  the  My.,  and  most  of  them  should 
as  far  as  possible  be  carried  out  in  schools,  so  as  to 
prevent  the  chance  of  the  children  becoming  myopic  from 
bad  hygienic  conditions. 

The  child  should  sit  up  at  a  desk  in  such  a  way  that 
he  cannot  bend  over  his  work.  This  is  best  effected  by 
the  combination  of  a  desk  and  seat  with  a  support  for 
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the  back,  and  so  arranged,  that  when  the  child  has  sat 
down  the  desk  can  be  pulled  over  his  knees. 

The  desk  should  have  a  sloping  top,  and  the  height 
must  be  so  arranged  that  when  the  child  is  sitting  the 
distance  from  the  eye  to  the  book  is  about  14  inches 
(35  cm.).  The  child  should  be  instructed  that  the  head  is 
never  to  be  brought  down  to  the  work,  but  the  work 
brought  up  to  the  head. 

The  illumination  must  be  steady  and  not  too  strong 
or  too  dim  ;  if  the  child  is  right-handed  the  hght  should 
come  from  the  left  side  and  from  behind. 

The  type  of  the  school  books  should  be  well  printed, 
large,  clear,  and  with  good  spacing. 

The  child  should  not  as  a  rule  be  allowed  to  read  too 
long  at  a  time  ;  young  myopes  are  especially  prone  to  be 
studious. 

The  health  should  also  be  attended  to,  and  proper 
hygienic  principles  adopted  in  the  class-rooms. 

Glasses  should  be  worn  for  near  work  to  prevent  strain 
from  excessive  convergence. 

Myopic  children  should  never  be  placed  too  far  from 
the  blackboard  at  school. 

All  myopes  under  20  should  be  instructed  to  hold  their 
books  at  about  32  cm.  from  their  eyes,  and  to  avoid  reading 
or  working  by  bad  iUumination,  as  twihght  or  firehght ; 
this  latter  they  are  very  prone  to  do,  as  a  myope  sees 
much  better  by  feeble  illumination  than  an  emmetrope. 
A  good  plan,  when  the  eyes  are  tired,  is  to  splash  or  open 
them  under  cold  water. 

Slight  amount  of  myopia  gives  rise  to  little  mcon- 
venience,  and  under  3  D.  patients  go  about  without  need- 
ing, glasses,  except  to  see  distant  objects  for  a  lengthened 
time,  as  the  play  or  a  picture  gallery.  In  these  cases,  the 
constant  use  of  glasses  diminishes  the  acuity  of  distant 
vision  when  glasses  are  not  worn ;  this  is  certainly  a 
reason  for  not  wearing  glasses  for  distance  except  when 
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a  lasting  and  continuous  effort  is  necessary.  I  am  sure 
that  the  most  reasonable  treatment  of  ordinary  myopia 
is  to  try  and  prevent  too  great  convergence  by  v^earing 
glasses  for  near  work,  and  to  encourage  the  patient  to  use 
his  unaided  eyes  for  distance.  With  children  this  is  a 
most  difficult  matter,  as  when  once  the  general  sight  is 
improved  by  glasses  they  will  not  leave  them  off  except 
on  compulsion. 

In  children  with  My.  of  1  D.  with  good  accommoda- 
tion the  treatment  should  be  to  watch  carefully  and  to 
combat  any  tendency  or  habit  to  hold  books  too  close, 
in  which  cases  spectacles  —  -75  D.  should  be  used  for 
reading,  so  as  to  prevent  convergence  strain,  but  in  many 
cases  no  glasses  need  be  used. 

If  the  My.  is  2  D.  glasses  may  be  used  for  reading  of  —  ID. 
strength ;  up  to  5  D.  spectacles  of  about  two-thirds  of  the 
My.  may  be  ordered  and  should  be  used  for  reading,  meals, 
&c.  I  am  quite  aware  that  many  ocuhsts  order  glasses  equal 
to  the  fuU  amount  of  the  My.  in  all  cases  up  to  5  D.  to  be 
worn  constantly,  but  my  objections  to  this  are,  that  the 
wearing  of  glasses  is  a  distinct  detriment  to  the  appear- 
ance of  the  child,  that  it  is  not  absolutely  necessary  to 
the  treatment,  and  that  the  distant  vision  without  glasses 
becomes  sensibly  reduced.    (I  have  known  many  cases 

in  which  the  vision  has  been  reduced  from  A  to  —with 

18  60 

out  any  increase  in  the  My.) 

In  adults  when  the  My.  is  over  5  D.  glasses  correcting 
about  two-thirds  or  less  of  the  My.  may  be  ordered  for 
reading  if  there  are  symptoms  of  strain,  and  another  pair, 
equal  to  the  full  correction  when  using  the  eyes  for  a 
lengthened  period  at  distant  objects  ;  the  reading  glasses 
should  be  of  sufficient  strength  to  enable  the  patient  to 
read  at  not  less  than  32  cm.  (12  inches).  The  most  im- 
portant point  in  the  treatment  of  My.  is  that  too  strong 
glasses  should  never  be  ordered. 
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In  high  My.  over  14  D.  in  adults,  the  question  of 
glasses  must  depend  on  the  symptoms ;  in  many  cases  it 
is  best  that  the  patient  should  do  as  much  as  possible 
without  glasses,  owing  to  the  fact  that  such  eyes  are 
very  unsound.  In  such  cases,  if  symptoms  of  retinal  or 
choroidal  irritation  set  in,  the  use  of  correcting  glasses 
must  be  discontinued ;  the  patient  should  wear  peacock- 
green  domed  spectacles  or  neutral-tinted  goggles,  cease  all 
work,  and  be  kept  at  rest  in  a  darkened  room,  avoiding 
any  excitement  and  Uving  abstemiously  without  alcohol. 
Any  strain,  such  as  constipation,  must  be  guarded  against 
by  treatment ;  mercury  in  small  doses  is  frequently  bene- 
ficial, and  also  strychnine;  leeches  or  bhsters  may  be 
applied  to  the  temporal  region. 

Operative  treatment. — In  children  and  young  adults 
with  high  uncompUcated  My.,  the  breaking  up  and 
removal  of  the  lens  by  discission,  followed  generally  by 
linear  extraction,  is  frequently  very  successful.  The 
advantages  gained  by  removal  of  the  lens  are  the  great 
improvement  in  distant  vision  without  glasses,  the  much 
hghter  glasses  worn  and  the  better  field  given  by  them. 
I  have  done  the  operation  several  times,  and  have  as  yet 
experienced  no  bad  results.  As  a  rule,  two  discission 
operations  are  necessary,  the  first  being  a  shght  and  limited 
one,  and  the  second  a  much  freer  needhng ;  after  leaving 
the  broken-up  lens  if  possible  for  a  month,  hnear  extraction 
should  be  done,  as  much  soft  matter  as  possible  being 
evacuated.    The  result  of  the  operation  is  that  the  patient 

has  fair  distant  vision  ^  to  ^,  improved  by  low  convex 

glasses,  and  needs  convex  glasses  for  reading. 

Example.— Boy,  aged  14,  with  20  D.  of  My.  and 

V  =  ^  •  -5  at  6  cm. ;  -20  D.  =  ;  after  operation  on 
60 ' 

6  6 

both  eyes  the  V.  of  each  eye  =  jg  +  I'S  D.    g  ^     3  D. 
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Sn.  -5  at  24  cm.,  and  he  has  binocular  vision  for  distance 
and  near. 

Astig-matism  («,  not ;  o-rty/^a,  point)  is  the  condition 
present  when  there  is  not  the  same  curvature  in  all  the 
meridians  of  one  or  more  of  the  refractive  surfaces.  The 
refraction  errors  before  described  have  been  for  spherical 
sm-faces,  in  which  rays  coming  from  a  luminous  point  are 
brought  to  a  single  focus  at  a  certain  distance  behind  the 
refractive  surfaces.  In  astigmatism,  owing  to  the  surfaces 
not  being  spherical,  rays  coming  from  a  luminous  point 
are  brought  to  a  focus,  not  at  a  single  point  but  at  different 
points  corresponding  to  the  curvatures  of  the  refractive 
surfaces.  The  two  chief  foci  in  these  cases  are  those 
corresponding  to  the  greatest  and  least  curvatures,  and 
the  distance  between  these  foci  is  a  measm^e  of  the  astig- 
matism present. 

Astigmatism  may  be  divided  into  (1)  irregular,  in 
which  there  is  a  difference  of  refraction  in  parts  of 'the 
same  meridian  owing  to  changes  in  the  cornea  or  lens  ; 
and  (2)  regitlar,  where  the  refraction  in  a  meridian  is 
the  same  throughout,  but  there  is  a  difference  in  two  meri- 
dians {chief  meridians)  at  right  angles  to  one  another 
and  called  those  of  maximum  and  minimum  refraction  ; 
regular  As.  is  usually  corneal  {static  astigmatism). 

1.  Irregular  astigmatism  is  generally  due  to  changes 
m  the  cornea,  such  as  conical  cornea,  or  as  a  result  of 
cicatricial  contractions  foUowing  corneal  wounds  or  in- 
flammations. It  may  also  be  produced  by  partial  disloca- 
tion of  the  lens  or  changes  in  the  refractive  indices  of 
different  sectors  of  the  lens. 

By  the  ophthalmoscope  any  details  that  can  be  seen 
of  the  fundus  appear  to  be  greatly  distorted. 

Acuity  of  vision  for  distant  and  near  objects  is  much 
diminished,  and,  save  for  the  use  of  convex  glasses  for 
reading  (magnification),  can  seldom  be  improved  to  anv 
great  extent. 
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The  slight  amount  always  present,  even  in  normal 
eyes,  is  the  reason  for  the  fixed  stars  being  seen  not  as 
round  points  of  light  but  as  radiating  lines.  Monocular 
polyopia  may  result  from  the  irregular  As.  present  occa- 
sionally in  the  sectors  of  the  lens. 

2.  Begular  astigmatism. ■^'^verj  eye  has  a  certain 
amount  of  regular  As.,  from  the  fact  that  the  cornea  is  not 
a  segment  of  a  true  sphere,  but  has  the  greatest  curvature 
in  the  vertical  meridian  and  the  least  in  the  horizontal. 
An  astigmatic  cornea  may  be  likened  to  a  piece  taken  out 
of  the  side  of  an  egg.  It  can  be  demonstrated  by  taking 
two  fine  lines  at  right  angles  to  each  other,  one  vertical 
and  the  other  horizontal,  when  it  will  be  found  that  the 
horizontal  is  seen  distinctly  much  closer  than  the  vertical 
and  appears  nearer  to  the  eye  than  the  vertical,  whilst  the 
latter  is  more  distinct  farther  away.  The  reason  for 
this  is  that  the  horizontal  hne  is  best  appreciated  by  the 
vertical  meridian. 

In  looking  at  a  vertical  line  with  an  astigmatic  eye,  if 
the  rays  passing  through  the  vertical  meridian  are  out  of 
focus,  and  those  passing  through  the  horizontal  meridian 
in  focus,  the  object  will  be  slightly  elongated,  and  the  sides 
seen  distinctly,  because  each  point  of  Hght  will  be  seen  as 
a  small  vertical  line,  and  consequently  will  overlap  and 
be  lost  upon  the  surface  of  the  object  looked  at.    But  if 
the  rays  passing  through  the  vertical  meridian  are  m 
focus  and  the  horizontal  ones  out  of  focus,  the  apparent 
length  of  the  vertical  line  will  not  be  increased  but  the 
width  will  be  increased,  because  in  this  case  each  point 
of  light  will  be  seen  as  a  small  horizontal  line,  and  con- 
sequently the  line  will  appear  blurred.    Prom  this  it  will 
be  understood  that  in  looking  at  narrow  objects,  such  as 
lines,  in  order  to  see  them  distinctly  it  is  of  greater  import- 
ance that  the  rays  passing  through  the  meridian  at  right 
angles  to  the  long  axis  of  the  object  should  be  in  focus  than 
vice  versd,  and  hence  in  testing  for  astigmatism  with  thm 
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pa^rallel  lines  the  As.  is  necessarily  present  in  the  meridian 
at  right  angles  to  the  lines  which  are  seen  most  indistinctly. 

Begular  astigmatism  maybe  divided  into  the  following 
varieties,  according  to  the  refraction  of  the  chief  meri- 
dians : — (1)  Simple,  in  which  one  meridian  is  Em.  and  the 
other  H.  or  My.,  comprising  therefore  simple  H.  As.  and 
simple  My.  As.  (2)  Com-poitnd,  in  which  the  chief  meri- 
dians are  either  unequally  H.  (compound  H.  As.),  or 
unequally  My.  (compound  My.  As.).  (3)  Mixed,  in  which 
one  meridian  is  H.  and  the  other  My. 

In  most  of  these  cases  the  cornea  has,  as  in  the  normal 
eye,  the  greatest  curvature  at  or  near  the  vertical  meri- 
dian, and  the  least  in  the  horizontal ;  and  therefore  the 
vertical  meridian  will  have  a  tendency  to  My.  and  the 
horizontal  to  H.  This  is  a  great  help  in  most  cases  in 
determining  the  direction  of  axis  of  the  cylindrical  glass 
required.  In  simple  As.  the  vertical  meridian  will  be 
Em.  in  H.  As.,  and  My.  in  My.  As.  in  compound  As.  the 
vertical  meridian  will  be  less  than  the  horizontal  in  H. 
As.,  and  greater  in  My.  As. ;  and  in  mixed  As.  the  vertical 
will  be  My.  and  the  horizontal  H. 

S^jmptoms  are  the  same  as  in  other  forms  of  ametropia, 
but  are  usually  more  marked.  The  acuity  of  vision  is 
reduced  for  all  distances.  The  asthenopia  (accommoda- 
tive) is  especially  noticeable  during  near  work,  and  the 
headache  and  neuralgia,  which  are  frequently  com- 
plained of,  are  more  or  less  chronic,  and  are  always  aggra- 
vated by  any  attempt  to  read  for  a  lengthened  period. 

The  amount  of  As.  necessary  to  produce  these 
symptoms  depends  partly  on  the  variety  present— the 
hypermetropic,  both  simple  and  compound,  invariably 
causing  more  asthenopia  than  the  myopic  variety— and 
partly  on  the  disposition  of  the  patient,  very  small  amounts, 
as  little  as  -5  D.,  being  sufficient  to  cause  marked  asthe- 
nopic  symptoms,  especially  in  young  adults  reading  for 
examinations. 
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SimiiU  H.  As.  and  My.  As.  of  low  degrees  are  both  very 
common,  and  often  give  rise  to  no  symptoms  till  long- 
continvied  strain  is  put  upon  the  near  vision,  vs'hen  asthen- 
opia will  be  brought  out.  In  the  higher  degrees,  asthenopia 
and  indistinct  vision  are  usually  present. 

Covipound  H.  As.  resembles  H.  of  equal  degree,  but 
the  symptoms  are  more  aggravated.  In  extreme  cases, 
vision  is  always  mvich  reduced  at  all  distances,  and  as 
the  patient  has  never  seen  an  absolutely  distinct  object 
of  anything,  perfect  vision  must  not  be  expected  after 
correction  till  the  glasses  have  been  worn  for  some  time. 

Compound  My.  As.  A  certain  amount  of  astigmatism 
is  frequently  present  in  cases  of  high  myopia,  and  seldom 
causes  more  symptoms  than  My.  of  equal  degree. 

Mixed  astigmatism.  Vision  at  all  distances  is  very 
imperfect  and  there  is  marked  asthenopia. 

There  are  no  definite  signs  of  As.,  but  the  patient 
frequently  has  a  vacant  look  and  is  in  the  habit  of 
screwing  up  his  eyes  ;  children  with  As.  are  often  thought 
to  be  stupid,  dull  and  heavy,  especially  at  school  work. 

Vision  tes^wif/.— Distant  vision,  except  in  very  slight 
cases,  is  always  below  the  normal,  and  cannot  be  brought 

up  to  -  with  spherical  lenses.    The  presence  of  As.  may 
6 

be  demonstrated  by  holding  up  the  astigmatic  fan  m  front 
of  the  patient,  when  it  will  be  found  that  some  lines  are 
seen  much  more  distinctly  than  others.  If  the  As.  is  com- 
pound or  mixed  the  acuity  of  distant  vision  when  corrected 

by  glasses  is  in  many  cases  below  the  normal  as  or 
but  it  generally  improves  after  the  glasses  have  been 

12 

worn  some  time. 

If  a  stenopaic  (o-revd?,  narrow;  6irn,  hole)  slit  about 
1  mm.  in  diameter  be  placed  in  front  of  the  eye  and  rotated, 
the  distant  vision  in  one  position  of  the  slit  is  much 
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improved,  corresponding  to  a  chief  meridian;  convex 
spheres  may  now  be  placed  in  front  of  the  slit,  and  if 
vision  is  made  worse  concave  spheres  must  be  used  ;  the 
highest  convex  or  lowest  concave  with  which  most  im- 
provement is  obtained  is  a  measure  of  the  refraction  in 
this  meridian.  The  slit  is  now  rotated  to  right  angles  with 
the  former  position,  and  the  same  procedure  adopted,  and 
the  refraction  in  this  meridian  also  obtained. 

The  slit  is  now  removed  and  a  spherical  glass  of  the 
same  strength  as  the  lesser  H.  or  My.  meridian  placed 
in  the  frame,  and  the  difference  corrected  by  means  of  a 
cylinder  placed  with  its  axis  at  right  angles  to  the  greater 
meridian. 

It  is  better  not  to  spend  too  much  time  in  attempting 
to  estimate  astigmatism  by  vision  testing,  as  the  only 
reliable  method  is  retinoscopy  under  atropine. 

Ophthalmoscope;  Betinosco^nj.— The  direction  of  move- 
ment of  the  shadows  must  be  first  made  out,  and  then  each 
of  the  chief  meridians  is  corrected  separately  by  placing 
spherical  glasses  in  front  of  the  eye,  and  a  note  then  made 
of  the  strength  of  the  lens  which  just  over  or  under  corrects 
the  meridian.  This  is  usually  represented  by  two  cross  hnes 

-(->  +  6D. 

>  +  3D. 

corresponding  to  the  direction  of  movement  of  the  shadows, 
and  the  refraction  found  is  written  opposite  them.  In  the 
example  given  above,  the  mark  >  (greater  than)  before  a 
number  means  that  the  meridian  corresponding  to  it  is 
less  than  the  next  higher  number.  Ex.,  >  3  D.  means 
less  than  4  D. 

Direct  cfose.— Except  in  cases  of  H.  As.  this  method 
is  not  very  rehable.  It  is  usual  to  start  by  taking  a 
horizontal  vessel  between  the  optic  disc  and  yellow  spot, 
and  finding  the  highest  convex  or  lowest  concave  lens 
with  which  it  can  be  distinctly  seen.    In  the  same  way  a 
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vertical  vessel  is  estimated,  and  after  deducting  from  -51). 
to  ID.  in  H.,  and  adding  -75  0.  in  My.,  the  amount  and 
variety  of  the  astigmatism  present  is  found. 

Course. — Static  astigmatism  when  present  is  perma- 
nent, as  even  if  the  eye  changes  in  its  refraction  the  difference 
in  the  two  chief  corneal  meridians  will  remain  the  same, 
and  on  the  other  hand  an  increase  in  the  astigmatism  is 
equally  unhkely.  The  compHcations  which  may  be  ex- 
pected are  those  which  accompany  H.  in  hypermetropic 
cases,  and  of  My.  in  myopic  cases.  In  My.  As.  a  crescent 
is  often  met  with. 

In  cases  of  convergent  concomitant  strabismus  as- 
sociated with  H.,  the  presence  of  As.  in  one  eye  only  may 
often  determine  the  fixing  of  the  squint  in  that  eye. 

Causation. — Eegular  astigmatism  is  in  almost  every 
case  congenital,  and  there  is  generally  a  history  of 
heredity.  It  may,  however,  be  acquired,  and  then  results 
from  cicatrisation  or  changes  in  the  cornea  from  inflam- 
mation, or  more  frequently  from  operation  wounds,  as 
cataract  extraction  and  iridectomy.  Occasionally  it  is 
induced  by  partial  dislocation  of  the  lens. 

Diagnosis.— The  possibihty  of  the  presence  of  as- 
tigmatism is  always  to  be  considered  when,^  the  media 
being  clear,  perfect  distant  vision  is  not  obtained  by  the 
use  of  spherical  lenses. 

With  the  astigmatic  fan  or  clock,  certain  lines  will  be 
seen  distinctly  whilst  others  are  blurred,  and  the  position 
in  which  the  Hues  are  most  clearly  seen  corresponds  with 
the  astigmatic  meridian. 

Distant  vision  is  imi^roved  by  employing  a  stenopaic 
slit  1  mm.  in  diameter,  and  rotating  it  tiU  it  corresponds 
with  the  meridian  of  least  error. 

With  the  ophthalmoscope  the  disc,  instead  of  appearing 
circular,  is  elongated  in  one  meridian.  And  with 
ihe  direct  c^ose.  method  this  apparent  elongation  corre- 
sponds with  the  meridian  of  greatest  refraction,  and  is  at 
right  angles  to  the  direction  in  which  the  elongation  is 
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seen  with  the  indirect  method.  On  looking  cat  a  vessel  it 
will  be  noticed  thcat  its  curves  of  the  vessel  are  not  accur- 
ately focussed  at  the  same  time. 

Treatmefit.— This  is  by  means  of  glasses,  and  the  rule 
is  that  if  worn  at  all  in  As.,  they  should  be  worn  always. 
Naturally  the  correction  of  such  a  defect  gives  the  patient 
quite  a  different  estimation  of  all  objects,  and  his  symptoms 
would  not  be  relieved  by  the  correction  being  only  for  a 
certain  distance.  In  some  cases,  where  As.  has  existed 
for  years,  the  correction  cannot  be  tolerated,  and  in  many, 
only  perseverance  on  the  part  of  the  patient  enables 
cyhndrical  glasses  to  be  worn.  In  most,  however,  the 
proper  glasses  act  almost  magically  by  reheving  the  as- 
thenopic  symptoms. 

In  As.  in  young  children,  who  cannot  read,  the  correc- 
tion must  be  made  under  atropine,  and  the  axis  chosen 
according  to  the  general  rule  (page  397). 

Simple  ^s.— Low  degrees,  either  My.  or  H.,  in  young 
persons  should  be  fully  corrected,  and  the  glasses  worn 
at  first  for  reading  and  near  work ;  if  symptoms  are  not 
reheved,  glasses  must  be  worn  constantly. 

Example.—G^se  aged  10.  Eetinoscopy  under  atropine  • 


■\->  +  3D. 

>  +  -5  0. 

which,  subtracting  +  -1 D.  all  round  for  the  distance  of 
observer,  gives 

-f->+  2D. 

Em. 

A  cylinder,  +  1-5  D.,  is  now  placed  in  front  of  the 
patient's  eye  and  rotated  until  the  axis  is  found,  and 

V  =  |  +  1.5D.Cyl.I  =  6 


The  glass  ordered  is  +  1-5  D.  Cyl.  |. 


6 


D  D 
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Case  aged  19.    Eetinoscopy  under  atropine : 

+Em.  ^,,^y  =  6  _  3  D.  Cyl.  ^  =1 
>  -  3  D.  24  b 

and  glass  ordered  —  3D.  Cyl.  < — >. 

ComiMund  As.—lry  My.  As.  care  must  be  taken  not 
to  order  too  strong  glasses ;  the  rules  laid  down  under 
My.  must  be  observed.  The  whole  of  the  As.  may  be 
corrected  in  all  cases,  the  alteration,  if  any,  being  made  m 
the  sphere  according  to  the  rules  under  H.  and  My. 

Example.— C^^Q  aged  18.  Eetinoscopy  under  atropine  : 

-f->  -2D. 
>  -4D. 

The  As.  is  arrived  at  by  subtracting  the  meridians  =  -  2  D., 
and  in  order  to  obtain  the  retinoscopy  result  a  spherical 
glass,  -  2D.,  and  a  cylinder,  -  2D.,  would  be  required. 
In  practice  such  glasses  are  put  in  front  of  the  eye,  and  by 
rotating  the  cyhnder  the  axis  is  found,  which  in  this  case 
would  probably  be  horizontal.  As  under  atropine  the 
amount  of  My.  found  is  less  than  the  amount  present, 
these  glasses  may,  as  a  rule,  be  ordered.  The  case  above 
works  out  as 

V  =  ^-2D.O-2D.Cyl.^=g. 

Example.— G^^B  aged  20.  Eetinoscopy  under  atropine  : 

-(->+4D. 
>  +2D. 

Here  the  difference  in  the  meridians  is  +  2  D.,  which  is 
the  As.,  and  the  result  would  be  +  2  D.  sph.  and  +  2  D.  Cyl. 
On  placing  these  glasses  before  the  eye  the  axis  of  the 
cyUnder  is  first  found,  and  is  probably  vertical,  as  below : 

Y=  4  :  +lD.C  +  l-5D.Cyl.I^. 
3d 
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Mixed  .-Is— This  is  much  the  most  difficult  kind  to 
treat  successfully ;  in  choice  of  glasses,  a  concave  cylinder 
should  be  preferred  to  a  convex,  and  placed  next  the  eye, 
foi-ming  the  posterior  surface  of  the  glass. 

Example— Gq^bq  aged  15.  Eetinoscopy  under  atropine  : 

-f->  +  3D. 
>-2D. 

Here  the  difference  betvi^een  the  meridians  is  obtained 
by  adding  the  numbers  corresponding  to  them,  and  the  re- 
sult therefore  will  be  the  strength  of  the  cyhnder.  Thus  in 
this  case  2  D.  +  3  D.  =  5  D.,  and  5  D.  is  the  cylinder ;  and 
the  cyhnder  to  be  taken  may  be  either  +  5  D.  or  —  5  D. 
The  two  formulae  giving  the  result  of  above  retinoscopy 
are  :  +  3  D.  c  -  5  D.  Cyl.  ^  or  -  2  D.  C  +  5  D.  Cyl.  J 

As  mentioned  above,  it  is  more  satisfactory  to  take  the 
concave  cylinder,  and  the 

V=  <|, +2D.c-5D.CyL^->l: 

60  ^  ^         12  • 

and  this  glass  may  be  ordered. 

Anisometropia  (a^to-os,  unequal ;  /AeVpov,  measure ; 

eye),  or  unequal  refraction  of  the  two  eyes,  is  present 
m  most  people  to  a  small  extent,  and  is  especially  notice- 
able in  astigmatism.  The  term  is  only  used,  as  a  rule, 
for  those  cases  in  which  the  difference  is  great  enough  to 
make  it  necessary  for  unequal  glasses  to  be  used. 

Varieties.— {1)  One  eye  may  be  emmetropic  and  the 
other  ametropic.  (2)  Both  eyes  may  have  the  same 
variety  of  ametropia,  but  unequal  in  degree.  (3)  One  eye 
may  be  myopic  and  the  other  hypermetropic. 

The  diagnosis  is  as  a  rule  easy,  and  the  only  difficulty 
arises  in  prescribing  glasses.    In  cases  of  the  first  group 
without  asthenopia  or  squint,  and  with  good  vision  in  the 
ametropic  eye  after  correction,  it  is  not  as  a  rule  advis- 

r>  D  2 
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able  to  prescribe  glasses.   Some  patients,  if  the  ametropic 
eye  is  myopic,  like  to  wear  an  eyeglass  for  distance. 

In  the  second  group  the  difference  between  the  two 
eyes  should  be  allowed  for,  and  unequal  glasses  ordered. 

In  the  third  group  it  is  usually  found  after  careful 
examination  that  the  patient  uses  the  hypermetropic  eye 
for  distance  and  the  myopic  for  reading.  If  he  suffers  no 
discomfort  and  distant  vision  is  good,  there  is  no  necessity 
for  glasses  Under  these  conditions  binocular  vision  is 
quite  impossible.  If  the  distant  vision  in  the  myopic  eye 
is  much  improved  with  a  concave  glass,  a  single  eyeglass 

may  be  ordered  for  that  eye.  ,    /  o 

ERRORS  OF  ACCOMMODATION.— Presbyopia  (Trpecr/ivs, 
old-  eye),  or  old  sight,  is  said  to  be  present  when, 
from  permanent  loss  of  dynamic  refraction,  the  punctum 
proximum  has  receded  to  a  greater  distance  than  22  cm. 
(about  8^  inches)  from  the  eye.  This  measurement  is 
Quite  arbitrary  and  has  been  decided  upon  because  it  has 
been  found  that  patients  begin  to  suffer  inconvenience 
after  this  point  has  been  reached.  _        ,    .  z 

From  the  age  of  10  upwards  there  is  a  steady  and 
continuous  diminution  in  the  amplitude  of  accommoda- 
tion due  to  a  sclerosis  or  loss  of  elasticity  m  the  lens, 
which  does  not  respond  to  an  equal  extent  to  the  same 
muscular  effort.  At  10  years  of  age  the  amplitude  of 
accommodation  amounts  to  about  14  dioptres,  and  this 
in  an  emmetrope  would  give  a  punctum  proximum  a 
7  cm.  (2|  inches).  The  following  table  gives  the  rate  at 
•  which  the  amplitude  diminishes  : 


Amplitude  of  Punctum  proximum 

A  se  accoinmodation  in  emmetropia 

14  D.  7    cm.  (2|") 

10  10    cm.  (4") 

7  14    cm.  (5i") 

5-5  18    cm.  (7i") 

4.5  22    cm.  (9") 

3.5,  28    cm.  (Ill") 


10 
20 
30 
35 
40 
45 
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Amplitude  of  Piiuctum  proximum 

Age  aocommodatiou  in  emmetropia 

50  2-5.  40    cm.  (16") 

55  l'V5  57    cm.  (23") 

60  1  1    m.  (40" 

65  0-75  1-3  m.  (52") 

70  0-25  4    m.  (160") 

corresponds  with 
punctum  remotum 


75  0 


This  table  shows  that  very  little  accommodation  re- 
mains after  the  age  of  60.  and  that  all  power  of  accom- 
modation is  suspended  at  the  age  of  75. 

The  earhest  symptoms  patients  complain  of  are  that 
they  are  obliged  to  hold  their  reading  type,  sewing,  &c., 
at  a  greater  distance  than  they  have  been  accustomed 
to,  and  that  the  print  looks  pale.  In  consequence  they 
find  that  without  a  bright  Hght  they  read  smaU  print 
with  great  difficulty.  Besides  illuminating  the  text,  the 
bright  hght  causes  contraction  of  the  pupil,  and  thus 
improves  the  definition.  If  proper  correcting  glasses  are 
not  used,  a  train  of  asthenopic  symptoms  is  Hable  to  be 
set  up,  such  as  pain  and  smarting  of  the  eyes,  '  letters 
running  together,'  and  in  some  cases  a  chronic  form  of 
conjunctivitis. 

In  Em.  the  symptoms  become  manifest  after  the  age 
of  40,  but  m  H.  they  occur  much  earlier  in  life,  the  date 
varying  according  to  the  degree  of  H.,  but  in  any  case 
the  symptoms  will  commence  after  the  range  of  accom- 
modation IS  reduced  to  4-5  D. ;  for  example,  in  H.  of  1  D 
at  the  age  of  35,  the  ampHtude  is  5-5  D.  and  the  range  of  • 
accommodation  only  4-5,  and  consequently,  the  patient 
win  be  presbyopic  at  this  age,  and  a  hypermetrope  of 
4  D.  will  be  presbyopic  at  the  age  of  25. 

In  My.,  on  the  other  hand,  Pr.  is  delayed  because  the 
P.p.  IS  situated  nearer  to  the  eye  than  in  an  emmetrope 
of  the  same  age  and  amphtude  of  accommodation.  For 
instance,  a  myope  of  1  D.  will  not  be  presbyopic  tiU  his 


406       OPHTHALMIC  SURGERY  AND  MEDICINE 

range  of  accommodation  has  diminished  to  3-5  D.,  which 
will  occur  at  the  age  of  45  ;  and  a  myope  of  4-5  D. 
can  never  be  presbyopic  except  from  changes  m  his  static 
refraction. 

The  course  is  progressive,  and  consequently  the  glasses 
must  be  increased  in  strength  at  least  once  in  every  five 
years  It  must  not  be  forgotten  that  a  rapidly  mcreasmg 
presbyopia  is  often  a  sign  of  incipient  glauooma,  and  is 
occasionally  met  with  in  diabetes  and  other  wasting 

The  diagnosis  has  to  be  made  from  paresis  of  accom- 
modation.   The  acuity  of  vision  must  first  be  taken,  the 
refraction  estimated,  and  the  P.p.  measured.    From  these 
data,  the  amplitude  of  accommodation  can  be  worked  out, 
and  must  be  compared  with  the  age  of  the  patient  by 
means  of  the  table  (p.  404).    If  paresis  is  absent,  and  the 
punctum  proximum  is  beyond  22  cm.,  presbyopia  is  present 
Treaimm^.-Patients  who  have  not  been  accustomed 
to  the  use  of  glasses  are  sure  to  find  some  inconvemence 
when  they  first  take  to  them,  and,  as  the  most  important 
point  is  to  make  the  patient  comfortable,  it  is  not  advisable 
to  insist  on  the  use  of  glasses  in  the  early  stages  until  the 
patient  himself  feels  the  need  of  them.    In  an  ordmary 
case  of  Pr.  withovit  asthenopic  symptoms  there  is  no 
harm  in  putting  off  as  long  as  possible  glasses  for  read- 
ing but  rather  an  advantage,  as  when  once  the  glasses  aie 
taken  to,  it  is  very  difficult  to  do  without  them,  and  an 
appreciable  amount  of  useful  sight  without  glasses  is  lost. 
The  first  glasses  should  always  be  weak,  +  -51;.  or -h  lou., 
whatever  the  amount  of  presbyopia  present,  and  they  can 
be  changed  for  stronger  glasses  after  the  weaker  ones 
have  been  worn  for  a  few  months. 

The  purpose  for  which  the  glasses  are  needed  must  be 
carefully  inquired  into,  together  with  the  distance  at  which 
the  patient  wishes  to  work,  as  reading,  violm  playmg 
painUng.  sewing,  will  all  demand  diflerent  distances.  A 
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Stronger  glass  is  generally  required  at  night  by  artificial 
light  than  by  day,  and  at  first  the  glass  probably  need 
only  be  worn  at  night.  The  P.p.  having  been  measured, 
the  glass  necessary  will  be  the  difference  between  a  lens  of 
a  focal  length  equal  to  the  required  working  distance  and 
a  lens  of  a  focal  length  equal  to  the  distance  of  the  P.p. 

For  example,  suppose  that  patient's  P.p.  is  at  60  cm., 
and  that  he  wishes  to  read  at  20  cm.,  then  the  glass 
necessary  will  be  the  difference  between  a  lens  of  a  focal 
length  of  20  cm.,  =  5  D.,  'and  a  lens  of  a  focal  length  of 
50  cm.,  =  2  D.,  which  will  give  a  lens  +  3  D.,  and  this 
glass  should  enable  him  to  read  at  the  required  distance. 

The  changes  in  accommodation  are  in  most  cases  so 
uniform  that  patients  can  often  be  fitted  up  from  their  age ; 
the  rule  is  to  add  +  1  D.  for  every  five  years  after  40  in 
order  to  obtain  distinct  vision  at  22  cm. 

In  most  cases,  it  is  advisable  to  prescribe  glasses 
rather  under  this  calculation,  thus  +  -75  D.  at  45 
years,  or  +  1-5  D.  at  50  years,  &c.  In  ametropia  the 
amount  of  the  presbyopia  must  be  added  to  the  refraction 
error ;  m  H.,  therefore,  the  glass  ordered  is  higher  than 
m  Em.  by  the  amount  of  the  H.-thus  a  hypermetrope  of 
2  D.  and  aged  50  would  need  +  3-5  D.  (2  D.  +  1-5  D.). 
A  myope  of  1  D.  and  same  age  would  need  —  1  D.  + 
1-5 D.=  +  -SC.,  and  a  myope  of  5  D.  would  never  be 
presbyopic  m  the  ordinary  course  of  events. 

Paralysis  of  accommodation,  or  cycloplegia 
{kvkXo,,  circle ;  7rAr?y/,,  stroke),  when  accompanied  by 
paralysis  of  the  pupillary  muscle  is  called  ophthalmo- 
plegia mtema;  it  may  be  partial  or  complete,  and  in 
either  case  is  usually  bilateral,  except  when  produced 
by  local  apphcation  of  a  mydriatic  as  atropine  or  by 
traumatism.  Paresis  or  partial  paralysis  of  the  accom- 
modation without  affection  of  the  pupil  is  generally  pro- 
duced by  some  debihtating  cause,  such  as  excessive  lacta- 
tion, diabetes,  diphtheria. 
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The  symptoms  are  due  to  the  loss  of  range  of  the 
accommodation,  and  their  severity  will  depend  upon  the 
refraction  of  the  patient. 

In  Em.  distant  vision  is  not  affected,  but  near  objects 
appear  blurred,  and  the  patient  will  be  unable  to  read  with- 
out the  aid  of  convex  glasses.  In  H.  the  distant  vision  is 
reduced,  and  the  near  vision  is  affected  to  a  greater  extent. 
Low  degrees  of  myopia  will  resemble  emmetropia  in  the 
symptoms,  but  in  the  higher  degrees  (viz.,  more  than 
4  D.),  as  the  far  point  is  situated  close  to  the  eye,  the 
patient  seldom  uses  his  accommodation,  and  consequently 
does  not  miss  the  loss  of  it. 

gigns— The  P.p.  is  found  to  have  much  receded,  and 
in  cases  of  complete  paralysis  coincides  with  the  P.r. 

.  Causation.— It  is  produced  by  the  uce  of  mydriatics, 
such  as  atropine,  duboisine,  daturine,  and  cocaine.  It  is  one 
of  the  symptoms  in  complete  paralysis  of  the  thn^d  nerve. 
Cycloplegia  is  not  uncommon  as  a  sequela  of  diphtheria, 
and  usually  makes  its  appearance  about  three  or  four 
weeks  after  the  commencement  of  the  attack— in  fact,  the 
throat  affection  may  be  so  slight  that  cycloplegia  is  m 
some  cases  the  first  sign  that  the  patient  has  had  diph- 
theria    The  failure  of  the  accommodation  reaches  its 
height  in  two  or  three  days,  and  is  generallv  beheved  to 
be  due  to  a  form  of  neuritis.  _ 

A  blow  on  the  eye  will  frequently  interfere  with  the 
proper  action  of  the  ciliary  muscle  in  the  injured  eye, 
causing  a  more  or  less  complete  paralysis  ;  the  pupillary 
muscle  is  affected  at  the  same  time. 

Diaqnosis.—The  amplitude  of  accommodation  must 
be  measured,  when  it  will  be  found  that  in  cases  of 
paresis  the  loss  of  accommodative  power  is  greater  than 
the  age  of  the  patient  would  warrant  (see  table,  p.  4U4), 
and  in  complete  paralysis  that  there  is  no  accommodation 
and  that  the  P.p.  corresponds  with  the  P.r 

The  prognosis  as  to  recovery  is  good  when  due  to  the 
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use  of  mydriatics  or  to  diphtheria,  and  also  in  syphilis 
unless  the  nucleus  of  the  third  nerve  is  involved. 

In  traumatism,  when  the  paralysis  is  complete,  unless 
the  ciliary  muscle  has  begun  to  recover  after  two  or 
three  days  the  prognosis  is  not  good.  It  will  be  noted 
in  such  cases  that  the  ciliary  muscle  begins  to  recover 
before  the  pupillaiy. 

The  treatment  to  be  adopted  must  depend  upon  the 
cause,  but  in  all  cases,  except  those  due  to  general  want 
of  tone,  eserine  should  be  used  locally. 

Constitutionally,  if  syphilis  is  the  cause  it  must  be 
treated.  In  diphtheria,  general  tonics  and  hypodermic 
injections  of  strychnine  are  indicated,  and  in  angemia, 


n-on. 


When  due  to  traumatism,  the  treatment  indicated  is 
complete  rest  for  the  eye  and  the  local  appHcation  of  cold 
with  eserine  drops  three  times  a  day.  If  the  paralysis  is 
permanent,  a  convex  lens  will  be  necessary  for  close  work 
unless  the  patient  is  very  myopic. 

Tonic  spasm,  or  inabihty  to  completely  relax  the 
ciliary  muscle,  is  a  condition  frequently  met  with  in  young 
people.  It  may  be  found  in  Em.  and  in  any  variety 
of  ametropia,  but  is  most  common  in  H.  It  can  be  artifici- 
ally produced  in  an  eye  by  the  continued  use  of  a  powerful 
miotic,  such  as  eserine  or  pilocarpine. 

Asthenopia  and  blurred  distant  vision  are  the  usual 
symptoms  complained  of.     An  emmetrope  will  appear  to 

be  myopic,  distant  vision  will  be  blurred  A  im 

12  °^  9  ' 

proved  to  -  with  a  fairly  strong  concave  glass,  -  2D.  or 
-3D. 

In  H.,  spasm  of  accommodation  is  synonymous  with 
atent  H.  and  consequently  the  greater  the  spasm  present 
the  less  H.m.  and  the  more  H.l.    The  spasm  may  be  so 
great  that  the  patient  appears  to  be  My. 
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In  myopes   with   spasm  the  My.  appears  to  be 
increased. 

In  all  cases  the  amplitude  of  accommodation,  which 
varies  with  the  age  of  the  patient,  will  be  found  to  be 
diminished  owing  to  the  approximation  of  the  P.r.  to 
the  P.p.  in  Em  and  My.,  and  in  H.  to  the  increase  in  the 
latent  H.  It  is  nearly  always  due  to  long-continued 
reading  or  near  work. 

Diagnosis  is  made  (1)  from  the  history  of  the  recent 
loss  of  acuity  for  distant  vision  ;  (2)  by  vision  testing  and 
estimation  of  the  amplitude  of  accommodation,  when 
it  will  be  found  that  the  patient  appears  to  be  myopic  and 
has  a  greater  loss  of  accommodative  power  than  his  age 
would  warrant;  (3)  by  estimating  the  refraction  under 
atropine  by  the  direct  method  or  by  retinoscopy,  when 
if  spasm  had  been  present,  the  result  found  will  differ 
widely  from  the  ametropia  estimated  without  atropme. 
In  young  patients  with  small  amount  of  apparent  myopia 
the  possibility  of  the  presence  of  spasm  must  always  be 
considered. 

Treatment.— In  Em.  as  Httle  reading  as  possible,  and 
the  use  of  weak  convex  glasses  for  all  near  work  until  the 
spasm  has  passed  off. 

In  H.  weak  atropine  drops  should  be  used  for  a  few 
days,  and  the  patient  fitted  up  with  proper  glasses. 

In  My.  no  special  treatment  is  requu:ed,  apart  from 
that  indicated  by  the  My.  itself.'  Care  must  always  be 
taken  in  these  cases  not  to  over-correct  the  error  of  re- 
fraction. 
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CHAPTEE  XXIII 

EYE  SYMPTOMS  AND  DISEASES  IN  GENEEAL  DISEASES 

In  the  following  pages,  as  far  as  possible,  the  ocular 
symptoms  and  diseases  found  associated  with  the  chief 
general  diseases  are  mentioned. 

Infective  fevers.— Very  frequently,  associated  with 
high  temperature,  hyperemia  of  the  conjunctiva  is  met 
with. 

Measles  is  often  accompanied  by  cihary  blepharitis, 
catarrhal  conjunctivitis,  phlyctenules,  and  corneal  ulcers. 

Scarlet  fever  is  occasionally  attended  by  severe 
mucopurulent  conjunctivitis. 

In  smallpox,  some  days  after  the  eruption,  ulceration 
of  the  cornea  ensues,  attended  sometimes  by  perforation 
and  followed  by  corneal  nebula,  leukoma  adherens,  or  even 
destruction  of  the  eye.  The  pustules  never  occur  on  the 
cornea,  though  they  have  been  seen  on  the  conjunctiva 

Vaccinia  may  produce,  by  inoculation,  an  ulcer  on 
the  conjunctiva  or  hd. 

tion^nfTT'^t'  ^^''T  enlargement  and  inflamma- 

tion ot  the  lachrymal  gland. 

In  pyaemia,  septic  embolism  may  occur  in  the  retinal 

1"  '''''''''  "     P-^^-*  (Panoph 

In  septicaemia,  retinal  haemorrhages  are  found  and 
their  presence  indicates  grave  mischief 
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Chronic  or  subacute  rheumatism  may  have 
as  complications  episcleritis,  scleritis,  iritis,  and  extra- 
ocular paralyses. 

G-out. — The  most  common  symptom  is  the  so-called 
hot  eye,  in  which  the  patient  complains  of  grittiness, 
congestion,  and  feeling  of  heat,  often  accompanied  by 
small  concretions  in  the  palpebral  conjunctiva.  Epi- 
scleritis, scleritis,  and  iritis  are  frequently  met  with,  and 
sometimes  corneal  ulcers.  Glaucoma  occurs  in  gouty  sub- 
jects, and  another  comphcation  is  haemorrhagic  retinitis. 

Influenza. — Numerous  ocular  symptoms  have  been 
attributed  to  this  disease,  which  have  probably  only  been 
due  to  the  general  weakness  occasioned  by  it. 

In  purpura  and  scurvy  retinal  haemorrhages  are 
found. 

Erysipelas  of  the  face  may  spread  to  the  orbital 
cavity,  giving  rise  to  orbital  cellulitis,  and  in  some  cases 
blindness  results  from  atrophy  of  the  optic  nerve,  or  the 
eye  may  be  destroyed  from  necrosis  of  the  cornea  follow- 
ing the  proptosis. 

In  myxoedema  the  lids  are  swollen,  and  amblyopia 

has  been  recorded. 

Ansemia.— Eetinal  haemorrhages,  retinitis,  papillitis, 
retro-ocular  neuritis,  and  paralysis  of  an  extrinsic  ocular 
muscle,  as  the  external  rectus,  may  occur. 

li  eu  CO  cythaemia.— Retinitis . 

Diabetes.— Retinitis,  haemorrhages  in  the  retina  or 
vitreous,  loss  of  accommodation,  central  scotoma,  and 
iritis.  Cataract,  which  is  symmetrical,  rapidly  pro- 
gressing, and  of  the  soft  variety;  in  a  few  cases  it  has 
been  known  to  disappear,  the  lens  becoming  clear.  Ex- 
traction is  generally  successful  if  the  patient  is  not 
passing  a  great  excess  of  sugar  in  the  ^I'^e.  he 
question  of  operation  should  always  be  decided  on  this 
condition,  as  diabetic  coma  has  been  known  to  ensue  a 
few  hovirs  after  the  operation. 
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Graves'  (Basedow's)  disease,  or  exophthalmic 
goitre.  The  eye  symptoms  are  numerous,  and  some  or 
all  of  them  are  generally  present. 

The  most  frequent  is  prominence  of  the  eyeballs 
(exophthalmos),  which  is  as  a  rule  slow  in  progress, 
though  cases  have  been  known  of  its  occurrence ''in  a 
marked  degree  in  one  night  from  shock.    It  may  affect 
one  eye  only,  but  is  generally  bilateral.     The  lids  fre- 
quently do  not  cover  the  cornea  during  sleep,  and  in 
extreme  cases  the  eyeballs  may  become  dislocated  through 
the  palpebral  aperture.    The  eyeballs  are  not  enlarge'd 
and  as  a  rule  recede  after  death.    The  exophthalmos  is 
probably  due  to  overfiUing  of  the  blood-vessels  in  the 
retro-ocular  fatty  connective  tissue.     The  normal  in- 
voluntary lid  wink  is  very  much  diminished  in  frequency 
and  may  even  be  absent. 

The  upper  lid  does  not  follow  the  downward  move- 
ment of  the  eyeball,  but  halts  suddenly  (Von  Graefe's 
symptom).  The  palpebral  aperture  is  enlarged,  exhibiting 
a  greater  amount  of  the  sclerotic  than  is  normally  seen 
As  a  result  of  the  exposure  of  the  cornea,  ulceration 
may  occur,  generally  in  the  lower  half,  and  this  may  be 
followed  by  xerosis  of  the  cornea,  iritis,  and  general 
destruction  of  the  eyeball.' 

These  cases  are  mostly  found  in  females,  but  when 
present  m  males  the  symptoms  are  much  more  severe 

Treatment  is  mainly  constitutional.    In  cases  where 
the  proptosis  is  extreme,  or  ulceration  has  commenced 
the  operation  of  tarsoraphy  may  be  performed,  either  b^ 
uniting  the  whole  palpebral  aperture  for  a  time,  or  oni; 
the  median  portion. 

riiphtheria.--The  ocular  symptoms,  except  con- 
unctivitis,  occur  after  the  acute  stage  of  the  disease,  and 
are  therefore  more  properly  called  post-diphtheritic.  Thev 
consist  of  paresis  or  paralysis  of  accommodation,  weak^ 
'  Trans.  O^th.  Soc.  vol.  xvi.  p.  187, 
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ness  of  convergence  power  with  diplopia  for  near  objecU, 
ansemia  of  the  retina,  concentric  contraction  of  the  fields 
of  vision  (fig.  48),  and  occasionally  paralysis  of  an  extrinsic 
ocular  nuiscle.  From  direct  contagion,  membranous 
conjunctivitis  may  result. 

Sypliili&.—Acqtdred.    A  primary  sore  may  be  found 
on  the  eyelid  or  conjunctiva. 

Seconclarij.—lxiiAB  may  be  an  early  symptom  dating 
from  six  weeks  to  three  months  after  appearance  of  the 
primary  lesion,  and  cyclitis  may  accompany  it. 

The  later  symptoms  are  gumma  of  the  iris,  choroidi- 
tis, retinitis,  irido-cyclitis,  and,  very  rarely,  interstitial 
keratitis. 

Tertiary  symptoms  are  rupial  sores  about  the  hds, 
gumma  of  the  sclerotic,  periosteal  nodes  of  the  orbital 
bones  and  optic  atrophy.  Owing  to  disease  of  the  nervous 
system,  there  may  be  paralysis  of  the  extra-ocular  and 
intra-ocular  muscles.  _ 

Hereditary.— T\iQ  most  common  manifestation  is  m- 
terstitial  keratitis;  iritis,  disseminated  choroiditis,  and 
optic  atrophy  may  also  occur. 

Gonorrhoea.— In  rheumatic  patients,  iritis  and 
scleritis  may  be  found.  The  purulent  conjunctivitis 
associated  with  this  disease  is  due  to  direct  infection. 

Tubercle.— The  ocular  manifestations  are  frequently 
very  difficult  of  proof.  In  the  last  stages  of  acute  mihary 
tuberculosis,  small  multiple  deposits  have  been  seen  and 
found  in  the  choroid.  Large  sohtary  masses,  generally 
about  the  yellow  spot,  have  been  diagnosed  as  tubercular, 
iritis,  cychtis,  keratitis,  and  scleral  bosses  are  found  m 
tubercular  patients ;  and  I  have  seen  one  case  of  tubercle 

of  the  lachrymal  gland. 

Circulation.— ileari  r/isease.- Pulsation  of  the 
retinal  arteries  is  seen  in  aortic  insufficiency;  retinal 
haemorrhages  are  frequently  met  with  in  the  last  stages 
of  valvular  disease. 
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Fatty  /ieari!.— Haemorrhages  into  the  vitreous  and 
retina. 

Arterial  disease  (atheroma). —In  aneurysm  of  the  aorta, 
dilatation  of  the  pupil  and  palpebral  aperture  from  irrita- 
tion of  the  sympathetic  are  found,  or  miosis,  slight  ptosis 
and  sinking  of  the  eye  in  the  orbit  from  paralysis  of  the 
same.  Other  signs  are  haemorrhages  into  the  vitreous 
and  retina,  also  thrombosis  and  embolism  of  the  retinal 
vessels. 

_  Severe  hemorrhage  is  sometimes  followed  by  amblyopia 
without  any  ophthalmoscopic  signs,  except  a  pale  disc 
-  and  small  retinal  vessels;  afterwards  optic  atrophy  may 
ensue     In  other  cases  papilhtis,  retinal  hemorrhages 
and  white  plaques  may  be  present. 

Respiration.—Prom  severe  paroxysms  of  coughing 
as  m  whooping-cough,  subconjunctival  haemorrhages  are 
often  found,  or  even  detachment  of  the  retina. 
.1.  disease.- Owing  to    the  communication 

through  the  lachrymal  passages  of  the  conjunctival  sac 
with  the  nose,  disease  may  spread  from  the  one  to  the 
other. 

_  In  acute  and  chronic  coryza  and  hay  fever,  con- 
junctiva congestion  and  mucopurulent  conjunctivitis  are 
frequently  met  with. 

In  chronic  rhinitis,  inflammation  about  the  inferior 

TsceTs'^^^'''''*'''''*      ""^'^^        ^""^  P'^^''""  lachrymal 

.nr^T""  <iisease.-Owing  to  disease  of  the  external 
auditory  meatus  or  the  middle  ear,  nystagmus  may 

Dlg-estion.    re.^/..-Numerous  symptoms  have  been 
reported  as  accompanying  toothache  and  diseases  of  the 
ee th    Amongst  these  may  be  mentioned  iritis,  keratites 
cycl^is,  glaucoma,  and  paralysis  or  spasm  of  Lccommo 

Con.^z>a^io«.-Subconjunctival,  vitreous,  or  retinal 
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hsemorrhages  result  from  the  straining  attending  this 
condition. 

Urinary.  Nephritis— Tlhe  hds  are  often  oedematous, 
but  the  most  important  symptom  is  albuminuric  retinitis, 
found  chiefly  in  chronic  interstitial  nephritis  ;  it  may  be 
accompanied  by  papiUitis,  or  detachment  of  the  retina. 
The  retinitis  in  such  cases  is  an  extremely  grave  symptom, 
as  patients  often  die  within  one  year  of  its  a.ppearance, 
and  rarely  live  more  than  two  years. 

Gravidic  retinitis  resembles  the  ordinary  albuminuric 
type,  but  its  import  is  not  so  grave. 

In  cases  where  uraemia  is  impending,  blindness  some- 
times occurs  (ursemic  amaurosis)  without  any  ophthalmo- 
scopic appearances ;  this  condition  is  due  to  poisoning  of 
the  cerebral  centres,  and  may  be  preceded  by  hemiopia. 

Sexual  org-ans.— In  women,  disorders  of  the  men- 
strual function  give  rise  to  cychtis,  vitreous  and  retinal 
haemorrhages,  papillitis,  and  retro-ocular  neuritis. 

Pre(/mwci/.— Gravidic  retinitis  occasionally  occurs, 
and  may  necessitate  induction  of  premature  labour;  it 
is  liable  to  return  during  subsequent  labours. 

Lactation  is  frequently  accompanied  by  paresis  or 
paralysis  of  accommodation,  and  over-lactation  from  its 
debihtating  influence  may  produce  corneal  ulcers. 

Nervous  system.  Brain.— Cere&raZ  hczmorrhage 
may  be  attended  by  various  ocular  symptoms  according 
to  the  part  of  the  brain  affected. 

Tmnour  of  the  brain  is  generally  associated  with 
papillitis,  which  is  as  a  rule  binocular;  if  it  commences 
in  one  eye  before  the  other,  the  tumour  is  probably  on  the 
same  side  as  the  eye  first  affected.  _ 

Abscess  of  the  brain  maybe  accompanied  by  papillitis, 
but  not  so  frequently  as  tumour. 

Meningitis  may  cause  papilhtis,  especially  li  basal 
and  of  tubercular  origin.  _ 
.    J^issemiitated    scZerosw. -Nystagmus    is    the  most 
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frequent  ocular  symptom;  central  scotoma,  contraction 
of  the  field  of  vision,  and  diplopia  also  occur,  but  as  a 
rule  the  pupillary  reflexes  are  normal. 

Herpes  ophthalmicus  '  is  characterised  by  vesicles 
following  the  distribution  of  the  ophthalmic  division  of 
the  fifth  nerve.    The  eruption  may  be  limited  to  one  or 
more  of  the  branches  of  this  nerve,  the  frontal  being 
the  most  often  impHcated.    The  ocular  complications  of 
this  disease  are  corneal  ulceration,  iritis,  cychtis,  scleritis, 
vitreous  opacities,  and  panophthalmitis.    They  may  be 
met  with  in  any  case,  but  most  frequently  when  the 
nasal  division  is  affected,  owing  to  the  fact  that  this  nerve 
supphes  the  interior  of  the  eyebaU  and  the  cornea  with 
sensory  nerves.    Like  herpes  zoster  in  other  parts  of  the 
body,  there  is  severe  neuralgia  along  the  distribution  of 
the  nerve  before  the  vesicles  appear,  and  this  may  last  for 
many  months  after  their  appearance,  being  often  attended 
by  the  sensation  of  formication. 

The  scarring  of  the  vesicles  is  frequently  very  marked 
Treatment-Most  cases  have  a  gouty  history,  and 
should  be  treated  constitutionally.    Locally,  the  vesicles 
must  be  protected  from  the  air,  and  a  good  plan  is  to 
pamt  them  with  collodion. 

For  the  neuralgia  and  formication  after  the  vesicles 
have  disappeared,  I  have  found  a  mixture  of  chloroform 
and  eau  de  Cologne  painted  along  the  cutaneous  distribu- 
tion ot  the  nerves  give  greatest  relief. 

^  Spinal  cord.— Locomotor  ataxia  is  the  most  common 
spinal  disease  with  ocular  symptoms.  Primary  atrophy 
of  the  optic  nerve  occurs,  and  is  marked  by  its  slow 
progress ;  both  eyes  are  generally  affected,  though  not 
necessarily  at  the  same  time. 

The  pupils  are  often  unequal  and  not  regular;  in 
the  later  stages  there  is  usually  miosis.    They  frequently 

'  Trans.  OiMh.  Soc.  vol.  vi.  p.  390, 
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react  to  accommodation,  but  not  to  light  (Argyll  Eobert- 
son  or  spinal  pupils),  and  in  some  cases  react  to  neither. 

Friedreich's  disease. — Nystagmus  is  generally  present, 
but  diplopia  and  spinal  pupils  are  rarely  met  with. 

Sympathetic  nerves. — In  irritation  of  the  cervical 
sympathetic,  the  pupil  is  dilated  on  the  same  side,  the 
palpebral  aperture  enlarged,  and  the  eyeball  a  little 
prominent. 

In  paralysis  or  destruction  of  the  cervical  sympathetic, 
the  pupil  is  sUghtly  contracted,  the  palpebral  aperture 
diminished  with  the  appearance  of  ptosis,  and  the  eyeball 
sunk  in  the  orbit  (enophthalmos). 

G-eneral  and  functional  nervous  diseases. 
Hysteria.— The  vision  is  often  greatly  diminished,  with 
normal  reaction  of  the  pupil  to  hght,  and  absence  of 
ophthalmoscopic  changes.  There  is  concentric  diminu- 
tion of  the  fields  of  vision,  which  sometimes  present  a 
spiral  shape  (fig.  48) ;  the  colour  fields  may  be  abnormal 
as  to  theh^  arrangement.  Diplopia  may  be  present,  and 
retinal,  corneal,  or  palpebral  anaesthesia.  Spasm  of  the 
extrinsic  muscles,  and  more  rarely  paralysis,  are  occa- 
sionally met  with. 

Epilepsy.— There  may  be  a  visual  aura.  During  the 
tonic  stage,  the  retinal  arteries  are  constricted,  and  there 
may  be  spasm  of  the  extrinsic  ocular  muscles,  con- 
jugate deviation  of  the  eyes,  nystagmus,  and  hippus. 
Errors  of  refraction,  especially  astigmatism,  are  among  the 
exciting  causes,  and  the  fits  have  been  much  diminished 
in  number  and  severity  by  proper  glasses. 

Migraine.^— The  attacks  are  accompanied  by  fortifica- 
■tion  spectra,  scintillating  scotoma,  and  hemianopsia ;  its 
subjects  are  often  astigmatic  and  hypermetropic. 

Headache,  including  neuralgia,  when  constantly 
recurring,  is  frequently  associated  with,   and  mamly 
dependent  on  a  refraction  error,  or  in  rarer  cases, 
'  Gowers,  Tran.i.  OpUh.  Soc.  vol.  xv.  p.  20. 
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weakness  of  convergence  power  or  of  accommodation. 
In  children,  the  association  is  very  common,  and  every 
child  suffering  much  from  headache  should  have  the 
refraction  estimated  under  atropine. 

These  ocular  headaches  are  especially  met  with  when 
the  patient  is  debihtated,  or  has  altered  his  mode  of  Hfe. 
If  the  ciliary  muscles,  as  well  as  the  other  musculature  of 
the  body,  have  a  healthy  tone,  errors  of  refraction  may 
be  scarcely  felt ;  but  when,  as  in  the  case  of  a  schoolboy 
going  into  an  office  or  even  to  the  university,  a  more 
sedenta,ry  hfe  is  led,  headaches  often  ensue. 

The  most  common  refraction  errors  producing  head- 
aches are  hypermetropic  astigmatism,  hypermetropia, 
myopic  and  mixed  astigmatism,  and  the  frequency  is  in 
the  order  named.  Simple  myopia  without  an  error  in 
convergence  power  is  probably  never  an  exciting  cause. 

The  convergence  errors  associated  with  headaches 
are  mainly  those  of  insufficiency;  the  accommodation 
causes  are  presbyopia,  paresis  or  paralysis  of  the  ciliary 
muscle,  and  spasm  of  the  same  muscle. 

The  position  of  the  headache  or  neuralgia  varies  very 
much;  the  most  common  site  is  the  brow  and  frontal 
region,  but  in  many  cases  the  pain,  and  often  tenderness 
is  referred  to  the  occipital,  temporal,  parietal,  and  vertical 
areas.  The  neuralgic  pain  is  generally  bilateral,  but  may 
be  unilateral,  especially  in  cases  of  anisometropia. 

TrecUme7it.~The  refraction,  accommodation,  and  con- 
vergence power  should  be  carefully  tested  in  every  case 
of  recm-nng  headache,  and  any  error  should  be  most 
accurately  estimated.  In  cases  of  astigmatism  even  -25  D 
should  be  corrected  by  glasses;  the  lenses  to  be  ordered 
must  be  prescribed  according  to  the  directions  laid  down 
under  the  several  headings  in  the  chapter  on  'Eefraction  ' 
L  have  had  cases  under  my  care  in  which  headache  and 

'  Practitioner,  1888,  pp.  274  and  279 ;  1895,  p.  33. 
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even  migraine  have  been  cured  by  simply  decentring  a 
+  1  D.  pair  of  spectacles,  and  others  in  which  the  correc- 
tion of  an  error  as  small  as  —  '5  D.  of  myopic  astigmatism 
has  effected  a  cure. 

Drug's,  &c.  which  may  give  rise  to  ocular  disease. 

Atropine. — The  long-continued  application  of  atropine 
to  the  eyes  induces  conjunctival  congestion,  and  an  ecze- 
matous  condition  of  the  lids  and  the  surrounding  skin.  It 
may  also  cause  weakness  of  the  cihary  and  pupillary 
muscles  and  even  glaucoma. 

Lead— In  chronic  lead  poisoning  there  may  be  retro- 
ocular  neuritis. 

The  use  of  lead  lotions  in  ulcers  of  the  cornea  is 
attended  by  a  white  deposit  on  the  ulcerated  surface. 

Quinijie  given  in  large  doses,  as  in  malarial  fever,  has 
resvilted  in  temporary  total  loss  of  sight.  The  visual 
field  is  exceedingly  contracted,  the  optic  disc  pale,  and 
the  arteries  small  and  thread-like  ;  the  symptoms  bemg 
apparently  due  to  spasm  of  the  arteries. 

Tobacco  used  in  any  form  may  cause  retro-ocular 

neuritis. 

Bisulphide  of  carbon '  vapour,  if  inhaled  for  a  con- 
siderable time,  produces  retro-ocular  neuritis,  and  is  met 
with  in  persons  employed  in  indiarubber  works. 

Alcohol  has  been  credited  with  the  production  of 
retro-ocular  neuritis,  but  I  have  never  seen  a  case  m  which 
tobacco  was  not  being  used  at  the  same  time. 

'  Trans.  Ophth.  Soc.  vol.  v.  pp.  149-175. 
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FORMULiE 

Collyria  (Guttas),  or  lotions,  are  generally  made  with  dis- 
tilled water,  but  rose  or  cherry  laurel  water  is  sometimes  used. 
They  keep  badly,  especially  cocaine,  but  this  may  be  to  a  certain 
extent  overcome  by  the  addition  of  a  few  gi-ains  of  boracic  acid. 
They  are  generally  used  by  means  of  a  dropper,  or  narrow  tube 
with  a  piece  of  indiarubber  at  one  end.  The  drops  should  be 
placed  in  the  eye  by  pulling  down  the  lower  hd  and  allowing 
them  to  fall  on  the  palpebral  conjunctiva.  The  patient  should 
be  told  to  close  his  eyes  for  a  few  seconds  after  the  application. 
All  collyria  used  for  operations  should  be  freshly  prepared  with 
sterilised  distUled  water. 

Lamellse  are  made  with  gelatin  and  some  glycerin,  and 
are  the  most  useful  form  of  employing  the  mydriatics  and 
miotics.  They  are  very  easily  applied  by  a  probe  or  camel's-hair 
brush  to  the  palpebral  conjunctiva  of  the  lower  hd  and,  owing 
to  the  gelatine  basis,  they  are  not  so  diffusible  as  drops,  an 
important  point  m  using  a  drug  Uke  atropine. 

Ointments  for  the  eye  may  have  for  their  basis  soft 
paraffin  (vaseline),  which  keeps  weU,  and  does  not  as  a  rule 
irritate  the  eyes  or  change  when  exposed  to  the  air.  It  should  be 
without  taste  or  odour,  and  the  white  is  better  than  the  yellow. 
If  vaseline  does  not  suit  the  eyes,  lanohn  or  imguentum  cetacei 
may  be  substituted.  The  alkaloidal  eye  ointments  (B.P.)  are 
now  made  with  oleic  acid,  and  the  other  B.P.  ointments  are 
made  up  with  Unguentum  Paraffini,  a  mixture  of  hard  and  soft 
paraffin. 

Fomentations  are  made  with  boihng  water. 
Method  of  usmg.—Vieces  of  absorbent  cotton-wool  should 
be  soaked  in  the  nearly  boiling  mixture,  wrung  out,  and  applied 
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to  the  lids  of  the  closed  eye  as  hot  as  the  patient  can  bear.  After 
this  has  been  repeated  several  times  for  about  ten  minutes,  a 
piece  of  the  soaked  cotton -wool  should  be  applied  to  the  eye, 
covered  with  gutta-percha  tissue  to  prevent  evaporation  and 
quick  cooling,  and  bandaged  on. 

mydriatics 

The  mydriatics  are  drugs  which  dilate  the  pupU,  and  at 
the  same  time  the  ciliary  muscle.  It  must  be  remembered 
in  ordering  any  mydriatic,  that  a  dilated  pupil  may  induce 
glaucoma  in  an  eye  so  predisposed.  It  is  therefore  important 
that  a  strong  mydriatic  like  atropine  should  not  be  used  for 
persons  over  40  years  of  age  if  a  weaker  one,  as  homatropine 
or  cocaine,  can  be  employed. 

Atropine  group.  Atropine  (Belladonna).  Action— It 
produces  a  widely  dilated  pupH,  which  does  not  act  to  any  of  the 
reflexes.  It  also  paralyses  and  dilates  the  cihary  muscle,  giving  rise 
to  paresis  or  paralysis  of  accommodation.  The  action  is  gx-eater 
and  more  lasting  on  the  pupillary  muscle  than  on  the  cihary, 
owing  to  the  former  being  smaller.  A  drop  of  atropine  (4  gr.  to 
the  oz.)  dUates  the  normal  pupH  in  thirty  mmutes,  but  takes  at 
least  forty-five  minutes  to  paralyse  the  cUiary  muscle.  After 
atropinisation,  the  cihary  muscle  does  not  completely  recover 
itself  for  four  days  or  more,  whilst  the  pupU  may  be  stiU  dilated 
seven  days  afterwards.  This  sustained  effect  is  important  to  re- 
member in  ordering  drops  for  refraction  purposes,  as  the  patient 
must  be  warned  of  the  length  of  time  dui-ing  wliich  he  will  be  m- 
capacitated  from  his  work  or  study.  ,  .   ■  ^• 

Abnormal  aciiow.— Atropine  may  give  rise  to  local  irritation, 
shown  byaneczematous  condition  of  the  eyehds,or  to  a  general 
poisoning.  To  avoid  the  latter,  care  must  be  taken,  if  a  solution 
of  the  drug  is  used,  to  press  over  the  ptmcta  for  half  a  mmute 
after  the  instillation  so  as  to  prevent  absorption  by  the  lachi-y- 

mal  passages.  ,       ,i        j  i+  . 

Toxic  e/ecis.— ChUdren  are  more  liable  to  these  than  adiUts , 
they  become  very  drowsy,  and  suffer  from  a  dry  mouth,  soi;e 
throat,  and  headache.  There  may  be  a  red  pimctate  rash 
resembUng  that  of  scarlet  fever,  muttering  delirmm,  rapid  pulse, 
but  no  rise  of  temperatiu-e.  Acute  mania  for.a  few  hours  may 
occasionally  occur. 
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Uses.— Fov  its  dilating  action  on  the  pupil.— In  cases  of 
iritis  (to  arrest  formation,  and  to  break  down,  if  formed,  posterior 
synechia;),  cycHtis,  central  nicer  of  the 'cornea.  After  opera- 
tions, as  iridectomy,  cataract  extraction,  oi  central  wounds  of  the 
cornea  with  prolapse  of  iris.      -      .  • 

For  its  local  sedative  action  and  power  of  keeping  the  ciliary 
and  piipillary  muscles  at  rest.— In  cases  where  its  mydriatic 
properties  are  needed,  and  also  in  superficial  corneal  mischief, 
retinal  and  choroidal  disease,  &c. 

For  optical  purposes,  by  enlarging  the  pupil  in  cases  of 
lamellar  and  incipient  nuclear  cataract. 

In  refraction  cases,  to  paralyse  the  accommodation  ;  and  in 
cases  of  spasm  of  accommodation,  to  overcome  such  spasm. 

1.  Collyrium  atropinse  sulphatis 

Atropinas  sulphatis      ....    gr.  ij 
AquEe  destillatffi  

The  drops  may.be  us.ed  stronger,  4  gr.  to  the  oz.,  or  much  weaker, 
3  *o  ^  gr-.  if  desired. 

la.  Collyrium  atropinse  cum  cocaina 

Atropinffi  sulphatis  .  •  .  .  gr.  ij 
Cocainffi  hydrochloridi ....  gr.  v 
Aquse  destillatffi   .....    zj  • 

2.  Unguent,  atropinse 

Atropinse  (alkaloid)     ....  g^.^ 

Acidi  oleici  ,  gr  xl 

Adipis 

The  B.P.  ointment  is  10  gr.  to  the  oz.,  and  much  too  strong  for 
ophthalmic  purposes. 

2a.  Unguentum  atropinse  cum  cocaina 
Atropinte  (alkaloid)      .       .       .  g^, 
Cocainc-e   gr  "  v 

i   gr.  xl 

Adipis  .  . 
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2b.  Unguentum  atropinse  cum  iodoformo 

Atropinffi  gr.  ij 

lodoformi  gr.  Ix 


3.  Lamellse  atropinse 
These  are  made  of  different  strengths,       gr.  (B.P.) ;       and  5^5. 

4.  Fomentum  belladonnse 

Extract!  belladonnas   .      .       .      .    5]  ad  5! 
Aquffi  destillatee  Oj 

Homatropine.  Action. — This  is  similar  to  atropine,  but 
much  weaker,  and  the  effect  on  the  pupillary  and  ciliary  muscles 
passes  off  more  quickly.  The  pupil  is  well  dilated  in  from  twenty  to 
forty  minutes. 

5.  CoUyrium  homatropinse 

Homatropinee  hydrobromidi       .       .    gr.  ij 
Aquae  destillatsB  .       .       .       .       .  §]' 

5a.  CoUyrium  homatropinse  cum  cocaina 
Homatropinse  hydrobromidi       .      .   gr.  ij 
Cocainas  hydrochloridi       .      .       •   gr.  v 
Aquae  destillatee  

Drops  of  this  strength  are  made  up  with  castor  oil  instead  of 
water  and  are  much  used  for  refraction  purposes,  as  the  oily 
menstruum  is  not  washed  away  by  the  tears.  The  objection  to  it  is 
that  the  oil  blurs  the  view  of  the  details  of  the  fundus  ;  it  is  also 
very  difficult  to  keep  aseptic,  and  is  irritating  to  many  eyes. 

6.  Lamellae  homatropinse  ^  jho  (B.P.)  or  ^ 
Daturine  is  used,  as  is  also  scopolamine,  when  atropine  is 
contra-indicated  by  its  having  produced  symptoms  of  irritation  or 
poisoning. 


Acidi  oleici 
Adipis 


gr.  xl 

5i 


7.  CoUyrium  daturinse 

Daturinse  sulphatis 

Aquffi  destillatee  .... 


gr- 1] 
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8.  CoUyrium  ScopolaminsB 

Scopolaminaa  hydrobromidi        .       .    gr,  ij 
Aquffl  destillatsB  

Other  mydriatics  of  this  group  are  duboisine,  hyoscine,  and 
hyoscyamine. 

Cocaine  group.  Cocaine.  Action— Its  anEesthetie  pro- 
perties are  described  on  p.  436,  It  produces  a  widely  dilated 
pupil,  which  still  responds  to  the  contraction  reflexes.  In  com- 
bination with  atropine  or  homatropine  it  gives  an  ad-maximum 
dilatation  of  the  pupil,  and  from  this  fact  the  combination  is 
employed  in  iritis.  Cocaine  mydriasis  is  always  overcome  by 
eserine,  and  the  combination  of  eserine  and  cocaine  is  useful 
in  cases  of  cataract  extraction  without  iridectomy,  in  order  to 
minimise  the  risk  of  prolapse  of  the  iris  after  the  operation. 

10.  CoUyrium  cocainse 

Cocainse  hydrochloridi        .       .       .    gr.  v  ad  gr.  xvj 
Aquffi  destillatse  ^^j 

11.  Lamellae  cocainse  gr.     (B.P.  i)  and  ^ 

12.  Unguentum  cocainse 
Cocainffi  gr.  x 

Acidi  oleici  ...  or  v^ 

•       •       .       .    gr.  XI 

^•iipis  §j 

The  B.P.  ointment  is  20  grains  to  the  ounce. 

Bliotics 

These  drugs  constrict  the  pupil  and  the  ciliary  muscle  by  stimu- 
latmg  the  muscular  fibre.  They  are  antagonistic  in  their  action  to 
the  mydriatics. 

Physostigmine  (eserme)  Action.— It  produces  a  very  con- 
tracted (pin-point)  pupil,  and  at  the  same  time  spasm  of  the 
ciliary  muscle. 

Uses.— In  peripheral  deep  corneal  ulcer,  to  remove  the  iris 
Irom  the  neighbourhood  of  the  ulcer. 
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In  glaucoma  it  is  much  used,  and  acts  by  drawing  the  iris 
from  the  iridic  angle,  and  so  relieving  tension. 

13.  CoUyrium  physostigminse 

Physostigminaj  sulphatis    .       .       .    gr.  ij 
Aqufe  destiUatffi  .       .       .       .  • 

14.  Lamellse  physostigminae 

These  are  made  of  sulphate  of  physostigmine  in  strength 


The  salicylate  of  physostigmine  may  be  used  instead  of  the 
sulphate,  and  is  a  more  stable  salt.  Solutions  of  physostigmine 
keep  badly,  and  turn  a  pink  colour. 

Pilocarpine  has  the  same  action  as  physostigmine,  but  is 
not  nearly  so  strong. 

15.  CoUyrium  pilocarpinse 

PilocarpinEB  nitratis    .       .       .       •    gr.  ij 
Aquae  destillatse  .       .  '  '  .       .  • 

16.  Lamellse  pilocarpinse 

These  are  made  of  the  nitrate  in  strength  grain. 
The  hydrochlorate  of  pilocarpine  may  be  used  as  well  as  the 


(B.P.)  and  ^. 


nitrate. 


Collyria  and  lotions 


17.  CoUyrium  zinci  sulphatis 

Zinci  sulphatis  gr.  j  ad  ij 

Aquffi  destillatEB  §3 


18. 


CoUyrium  zinci  sulphatis  cum  atropine 

Zinci  sulphatis  S^'.  ] 

Atropinte  sulphatis      .       •       •       •    Ri'-  3 
Aquffi  destillatffi  53 


19.  CoUyrium  zinei  chloridi 

Zinci  chloridi  e 

Aquffi  destillatffi  .       •  '     •       •       •  ,- 


53 
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20.  CoUyrium  aluminis 
Aluminis     .       .  .       .       .    gr.  v 

Aquffi  destillatii;  .       .       .       .       .    g j  \ 

Alum  preparations  must  be  used  with  care,  as  they  have  a 
tendency  to  dissolve  the  corneal  tissue,  and  therefore  must  never  be 
prescribed  in  cases  of  keratitis  or  corneal  ulcer. 


21.  CoUyrium  argenti  nitratis 

Argenti  nitratis  gr.  j  ad  ij 

Aqu83  destillatfe   gj 

22.  CoUyrium  cupri  sulphatis 

Cupri  sulphatis   gr.  ij 

AquEB  destillatfe   gj 

23.  Lotio  plumbi 

Plumbi  acetatis   gr.  ij 

Acidi  acetici  dihiti      ....  iti_ij 

AquEB  destillatte   gj 

24.  Lotio  acidi  borici 

Acidi  borici   gr.  v  ad  z 

Aquaj  destillatfe   =j 


25.  Lotio  boracis 
Sodii  biboratis  .... 
Aquffi  destillatae  . 


gr.  X 


26.  Lotio  boracis  cum  glycerino 

Sodii  biboratis    .       .  .      .  'rr.  x 

Glycerini     .       .  "/  , 

Aquam  destillatam  ad '       *  '  x\ 

27.  Lotio  sodii  bicarbonatis 
Sodii  bicarbonatis  .    "r.  x  ad  xv 

Aquffi  destillatffi  .  nv.  =i" 

1...-  J  .-,,1 


428        OPHTHALMIC  SURGERY  AND  MEDICINE 

28.  Lotio  acidi  hydro cyanici 

Acidi  hydrocyanici  diluti    .       .       .  mv 
AquBB  destillata3  

29.  Lotio  salicylatis 

Sodii  salicylatis   gi'- 

Acidi  salicylici  \. 

CocainsB  salicylatis     .       .       •       •  g^-  i^J 

AqusB  destillatEE   S'^'"3 

30.  Lotio  acidi  salicylici  cum  borace 

Acidi  salicylici  S^- 

Sodii  biboratis  S^-^ 

Aquaa  destillatai  33 

31.  Collyrium  quininae 

QuininiB  sulphatis      .      .       -       •  gi"-  j  ad  ij 

Acidi  sulphurici  diluti .       .       •       •  <l-^- 

Aquffi  destillatffi   §] 

32.  Collyrium  opii 

Opii  extract!  liquidi    .       .       •       •    53  ^d  51] 
Aquam  destillatam  ad  .       .       •       •  B3 

33.  Lotio  potassii  permanganatis 

This  is  made  by  mixing  10  to  20  drops  of  Condy's  solution  to  the 
oz.  of  water. 

34.  Lotio  hydrargyri  perchloridi 
Hydrargyri  perchloridi       .       •      •    gi'-  ^  ad  1 
Aquse  destillatse  33 

35.  Lotio  argenti  nitratis 

Argenti  nitratis  gy*  ^3 

AquBB  destillatse  §3 

36.  Lotio  acidi  carbolici 

Carbolic  acid  is  dissolved  in  ;disti]led  water,  and  is  used  of  different 
strengths  (1  in  20,  40,  100)  as  required. 
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Fomentations 

37.  Fomentum  acidi  borici 

Acidi  borici  .       .             ...  5vj 
Aquffi  ferventis  Oj 

38.  Fomentum  boroglyeeridi 

Boroglyceridi  5j 

Aquam  f erventem  ad  .       .       .       •  Oj 

Boroglyceride  is  prepared  by  heating  together  in  a  water-bath 
2  parts  of  boric  acid  and  3  parts  of  glycerine. 


39.  Fomentum  papaveris 

Two  oz.  of  bruised  poppy  capsules  are  boiled  in  a  pint  of  water 
or  half  an  hour,  and  then  strained. 


Ointments 

40.  Unguentum  hydrargyri  oxidi  flavi 

Hydrargyri  oxidi  flavi  .       .       .       •    gr.  iv. 
Paraffini  mollis  

This  may  be  made  up  as  2,  8,  or  more  grs.  to  the  oz. ;  the  B.P, 
ointment  is  10  grains  to  the  oz. 

41.  Unguentum  hydrargyri  oxidi  flavi  cum  atropine 

Hydrargyri  oxidi  flavi  .       .       .       •    gr.  iv. 

Atropine  gr.  j 

Paraffini  mollis  §j 

42.  Unguentum  hydrargyri  nitratis  dilutum 

Unguenti  hydrargyri  nitratis  (B.P.)    .  5] 
Paraffini  mollis  5vij 

43.  Unguentum  iodoformi 

lodoformi  prtecipitati  .       .       .      •  5j 
Unguenti  paraffini      .       .       ..  gvij 
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44.  ITnguentum  zinci 
Zinci  oxidi  .       ,       .       .       .       .    gr.  xxx 

Paraffini  mollis  jj 

The  B.P.  preparation  is  about  70  grains  to  the  oz. 

45.  Unguentum  acidi  borici 

Aeidi  borici  gr.  xv 

Unguenti  paraffini      .       .       .       •  . 
The  B.P.  ointment  is  about  40  grains  to  the  oz. 

Caustics 

The  actual  cautery  (Hg.  22)  is  the  best  way  of  applying  cauterisa- 
tion to  the  eye.  The  bulb  is  heated  in  the  flame  of  a  spirit  lamp 
till  it  becomes  of  a  dull  red  heat,  and  is  then  apphed  to  the  surface 
of  the  corneal  ulcer  by  its  apex  or  bulb.  In  treating  corneal  ulcers  by 
this  means,  it  is  important  to  remember  that  the  operator  must  aim  at 
excess  rather  than  insufficiency  in  the  cauterisation. 

Solid  nitrate  of  silver  should  never  be  applied  to  the  conjunctiva, 
but  may  be  used  to  stimulate  a  chronic  corneal  ulcer,  or  to  burn 
a  wart  on  the  eyelid. 

46.  Mitigated  solid  silver  nitrate  stick 

This  is  made  by  fusing  nitrate  of  potash  with  nitrate  of  silver  in 
the  proportions  of  2,  3  or  4  to  1. 

Sulphate  of  copper 

Pointed  crystals  of  sulphate  of  copper  are  used  to  touch  the 
granulations  in  granular  conjunctivitis. 

Alum 

Crystals  or  sticks  of  solid  alum  are  employed  to  cauterise  the 
conjunctiva. 

47.  Lapis  divinus 

Equal  parts  of  sulphate  of  copper,  nitrate  of  potash,  and  alum 
in  powder  are  fused  in  an  earthen  crucible,  with  the  addition  of 
a  fiftieth  part  of  -powdered  camphor.  When  cold,  the  mixture  is 
run  into  moulds,  so  as  to  form  short  pointed  sticks. 
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48.  Pasta  caustica  (Vienna  paste) 

Zinci  chloridi  gi._  430 

F3,vin!B        ....       .       .    gr.  120  vel  q.s. 

Liquoris  opii  sedativi  .       .       .  . 

The  ingredients  must  be  mixed  smoothly  in  a  mortar,  and  heated 
over  a  warm  bath  till  of  proper  consistency. 

49,  Fluorescin  solution 

Pluorescini  

Sodii  bicarbonatis 


gr.  X 
gr.  XV 


Aquas  destillatte  

This  is  used  as  a  staining  material.  A  single  drop  placed  in 
the  conjunctival  sac  will  stain  an  ulcer  of  the  cornea  or  conjunctiva 
bright  green  in  the  space  of  a  minute. 

50.  Infusum  abri 

This  is  prepared  from  the  jequirity  seeds,  which  are  crushed  into 

7Zf u  °*       P°^^^^^^'     ^"^^^'i  dr.  of  water 

at  120  ;  the  mixture  is  left  till  cold,  and  then  decanted^and  strained 
through  muslin. 

The  infusion  is  active  for  several  days,  and  its  action  depends  on 
a  nitrogenous  ferment. 

_  It  is  used  by  painting  the  solution  on  the  palpebral  conjunctive 
in  cases  of  chrome  granular  conjunctivitis. 

Counter-irritants 

Linimmhm  iodi  may  be  employed  by  painting  it  over  the  brow  tiU 
the  skm  IS  tender  or  even  sore  ;  this  method  of  treatment  is  especially 
useful  in  cases  of  photophobia  in  children.  especially 

S&^m.-Emplastrum  cantharidis  is  generally  used,  and  should 

front  of  the  ear,  or  over  the  mastoid  process.    A  mild  and  con 
venient  form  of  blister  is  mustard  leaf  in  pieces  about  half  an  inTh 
square  to  the  temporal  or  supercihary  region;  they  may  in  som 
cases,  be  applied  for  only  a  few  minutes  (flying  blisters) 

^  setm,  consisting  of  a  piece  of  thick  silk,  is  usually  applied 
behind  the  ear.    The  silk  is  threaded  in  a  large  needle,  and  a'ptce 
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of  skin  over  the  mastoid  process  being  pinched  up  between  the  finger 
and  thumb,  the  needle  and  silk  are  passed  through  the  fold,  and  the 
silk  afterwards  tied  in  a  knot,  thus  forming  a  circle.  This  is  left  in 
for  weeks  or  months,  and  sets  up  considerable  irritation  and  dis- 
charge ;  the  silk  should  be  shifted  a  little  every  two  or  three  days. 

Leeches  may  be  used  from  one  to  four  at  a  time.  The  best  way 
to  apply  them  is  by  placing  the  leech  in  a  narrow  (leech)  tube.  The 
tube  is  held  over  the  spot  selected,  which  has  previously  been 

cleaned,  until  the  leech  fastens 
on.  Sometimes  it  is  necessary 
to  place  a  drop  of  milk,  or  to 
prick  the  spot,  to  mduce  the 
leech  to  feed.  They  are  usually 
left  till  they  drop  off  of  their  own 
accord ;  if  the  bleeding  afterwards 
is  too  severe,  it  can  be  stopped 
with  a  pressure  pad. 

HcBvwstatica.— 'For  checking 
excessive  hemorrhage,  occasion- 
ally found  after  excision,  hot 
water  is  the  best  remedy,  and 
should  be  applied  by  absorbent 
cotton-wool  pads,  wrung  out  with 
boiling  water.  Failing  this,  haze- 
line  or  tincture  of  perchloride  of 
iron  must  be  applied  on  strips  of 
linen.  In  cases  of  intra-ocular 
hEemorrhage,  cold  compresses 
should  be  used,  or  Leiter's  tubes. 

Leiter's  tubes  (fig.  105)  consist 
of  a  flat  spiral  lead  tube  made  to 
tit  over  the  eye,  and  connected 
with  two  indiarubber  tubes.  One 
of  these  rubber  tubes  is  placed 
in  a  receiver  of  water  raised  above  the  patient's  head;  and  the  other 
one,  hanging  down,  conveys  the  fluid  which  has  circulated  mto  a 

'"b;  this  means  a  constantly  circulating  current  of  cold  or  hot 
watei  may  be  kept  up.  It  is  best  in  most  cases  to  cover  the  skm  of 
the  lids  with  a  piece  of  lint  before  applying  the  tubes. 


Fig.  105.  -Lbitee's  Tubes 
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GENERAL  RULES  FOR  OPERATING 

Preparation  of  patient.— -The  patient  should  he  accustomed 
to  his  immediate  siurroundings  for  at  least  twenty-four  hours 
previous  to  the  operation ;  this  is  to  ensure  his  being  used  to 
the  bed,  which,  if  possible,  should  be  furnished  with  a  hair  mat- 
tress, and  on  no  account  a  feather  bed.  The  bowels  should  be 
opened  by  a  mild  aperient  taken  the  night  previous  to  the  opera- 
tion, and  the  patient  should  have  a  complete  bath. 

_  An  hour  before  the  operation,  the  face  should  be  well  washed 
with  soap  and  water,  and  afterwards  sponged  with  corrosive 
sublimate  solution  (1  in  4,000)  or  weak  carbolic  lotion. 

The  operating -roovi  must  be  thoroughly  aired,  the  floors 
weU  scrubbed,  and  the  walls  cleaned  down  the  night  before,  or 
morning  of  the  operation.  For  this  reason  operating  theatres 
should  have  tiled  walls  and  concrete  floors. 

As  it  is  necessary  to  obtain  as  good  a  light  as  possible  on  the 
eye,  the  operating  table  should  preferably  be  placed  opposite  a 
wmdow  facing  north.    It  is  important  not  to  have  a  top  liaht 

DresstTz^s.— Bandages,  cotton-wool  or  gauze,  ought  to  be 
subjected  to  superheated  steam  at  110°  to  120°  C.  in  a  steriliser 
for  at  least  thirty  minutes.  The  sponges  should  be  of  steriHsed 
absorbent  cotton-wool,  and  may  be  kept  ready  for  use  in  a  satu- 
rated solution  of  boracic  acid. 

It  is  usual  to  place  next  to  the  eye  a  piece  of  soft  linen  cut 
about  the  shape  and  size  of  the  orbital  aperture.  The  surface 
next  to  the  eye  should  be  smeared  with  freshly  made  boracic 
acid  ointment,  so  as  to  allow  the  tears  to  pass  away  and  to 
prevent  the  lids  sticking  together. 

_  Graduated  pads  of  boracic  or  absorbent  cotton-wool  are  then 
laid  over  the  eyes  in  order  to  fiU  up  the  hoUow  of  the  orbit,  and 
a  bandage  apphed.  In  excision  cases,  cyanide  gauze  may  be 
used  instead  of  cotton-wool. 

Eye  bamdages.-These  should  be  light  and  porous,  and  are 
best  made  of  mull  muslin,  about  6  yards  in  length,  Z  Zl 
into  strips  IHo  2  inches  wide. 

F  F 
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To  bandage  one  eye— A  simple  method  is  by  a  single  turn 
of  a  bandage  passed  over  the  eye  below  the  ear  of  the  same 
side,  and  tied  on  the  parietal  eminence  of  the  opposite  side. 
The' difficulty  is  to  avoid  covering  the  good  eye  and,  at  the  same 
time,  to  keep  the  bandage  firm.  The  bandage  should  always  be 
started  from  the  opposite  side  to  the  eye  intended  to  be  covered. 

A  more  secure  method  to  bam,dage  one  eye.  Left  eye  (figs. 
106  and  107).— The  starting  point  (dotted  line  in  fig.  106)  is 
just  below  the  right  parietal  eminence,  and  the  bandage  must 
be  unrolled  round  the  forehead  above  the  brow,  and  then 
below  the  occipital  protuberance  to  the  starting  point.  The 
bandage  should  here  be  reversed  and  brought  obhquely  down- 
wards  over  the  left  eye,  under  the  left  ear,  round  the  nape  of 
the  neck  to  the  starting  point,  where  a  pin  unites  the  folds. 
About  18  inches  of  the  bandage  are  then  torn  off,  split  into 


Fig.  106 


Fig.  107 


two  and  the  tails  taken  across  the  vertex,  one  bemg  passed 
behind  the  left  ear,  under  the  lower  fold,  brought  up  over  it.  and 
tied  near  the  vertex  (fig.  107)  to  the  other  tail.  _ 

To  bandage  both  eyes.-^The  bandage  should  start  just  above 
the  right  ear,  and  be  brought  forward  round  the  head  above  the 
supra  orbital  eminences,  and  then  below  the  occiput  to  its  start- 
in^  point.  It  is  then  directed  obliquely  downwards  over  the 
eft  eye,  under  the  left  ear,  round  the  nape  of  the  neck,  under 
he  right  ear,  and  obliquely  upwards  over  the  right  eye  left 
brow,  following  the  other  turns  of  the  bandage  as  fai-  as  the 
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starting  point.  A  pin  is  now  passed  through  all  the  folds  at 
this  point,  and  about  18  inches  of  the  bandage  torn  off  and  split 
in  two ;  the  tails  of  the  bandage  are  passed  across  the  vertex, 
and  one  tail  is  taken  behind  the  left  ear,  passed  behind  and 
below  the  turn  of  the  bandage  under  the  left  ear,  and  tied  on 
the  vertex  of  the  head  to  the  other  tail. 

The  bandage  (fig.  108),  which  I  generally  use,  is  very  con- 
venient unless  much  pressure  is  to  be  appUed  to  the  eye.  It 
should  be  made  of  long  cloth  or  linen,  about  11  inches  long  and  2^ 
wide,  except  at  the  peak,  where  it  * 
is  3  inches  wide  ;  at  the  upper  and 
lower  angles,  at  either  end,  are  two 
tapes  to  go  above  and  below  the 
ears,  and  long  enough  to  pass  round 
the  back  of  the  head  and  tie  in 
front  over  the  peak. 

To  apply  pressure,  the  most 
effectual  way  is  by  a  broad  strip 
(2|-  to  3  inches  wide)  of  Leslie's 
plaster,  which  must  be  put  on , 
obliquely,  from  below  the  opposite 
frontal  eminence,  passing  across 
the  cheek  to  the  angle  of  the  jaw  on 
the  side  of  the  eye  to  be  strapped. 

Isinglass  plaster  dressing  is  a 
light  convenient  form,  which  will  remain  on  for  a  week  without 
renewal,  does  not  slip,  and  exerts  moderate  pressure.  An  oblong 
piece  of  isinglass  plaster  (6  inches  by  8  inches)  is  held  in 
water  of  about  100°  for  fifteen  seconds.  It  is  then  placed 
obliquely  across  the  dressuigs  covering  the  eye,  from  the  fore- 
head over  the  bridge  of  the  nose  and  eye  to  below  the  malar 
emmence..  It  must  be  pressed  on  carefully,  and  gently  rubbed 
with  two  pieces  of  wet  wool ;  a  good  plan  is  to  strengthen  the 
upper  border  by  a  strip  of  the  same  plaster. 

The  instruments  must  be  absolutely  clean  and  rendered 
aseptic.  This  is  best  done  by  boiling  them  for  twenty  minutes 
before  the  operation,  or  placing  them  in  a  hot-air  chamber  for 
the  same  length  of  time.  Ivory-handled  instruments  will  not 
stand  boihng,  and  the  handles  should  if  possible  be  of  ulu 
mmium  or  German  silver.    The  cutting  properties  of  knives  'are 
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liable  to  be  affected  by  boiling  water,  and  they  should  only 
be  dipped  into  it,  and  then  into  absolute  alcohol. 

Every  knife  should  be  tried  as  to  its  point  and  cutting  edge 
on  the  drum  (fig.  109),  which  consists  of  a  small  cylinder  covered 
with  kid  tightly  stretched  over  it.  If  the  point  of  the  knife  does 
not  perforate  the  kid  noiselessly  and  easily,  almost  by  its  own 
weight,  it  is  not  fit  for  use.  The  edge  should  be  tried  also 
on  the  drum.  Scissors  must  be  tested  on  the  kid  to  see  that  they 
cut  true  to  the  points. 

AncBsthetics.  General— Since  the  introduction  of  cocaine, 
general  anesthetics  are  much  less  frequently  given  for  eye 

operations,  except  in  cases  of 
small  children,  or  for  enuclea- 
tion, iridectomy  in  glaucoma, 
and  blepharal  operations.  If 
a  general  anaesthetic  is  neces- 
sary, chloroform  should  be 
used,  as  the  vessels  of  the  eye 
do  not  become  so  congested  as 
with  ether.  The  grave  obj ec- 
tion  to  a  general  anaesthetic, 
in  operations  where  the  eye 
is  opened,  is  the  vomiting 
which  frequently  follows  its 
administration. 

Local. — Cocaine  is  usually 
employed,  and  generally  as  a  4  per  cent,  solution  of  the  hydro- 
chloride; it  must  be  made  with  distilled  and  sterilised  water 
immediately  before  use. 

Method  of  using— A.  drop  should  be  placed  in  the  eye  fom- 
times  before  the  operation— namely  (1)  ten  minutes  before  ;  (2) 
five  minutes  before;  (3)  immediately  before  the  patient  is  placed 
on  the  table ;  (4)  after  the  eye  has  been  irrigated.  If  the  iris 
is  to  be  operated  on,  another  drop  should  be  put  in  after  the 
corneal  or  scleral  section. 

The  advantages  of  cocaine  are  that  it  is  easily  applied  and, 
except  in  cases  of  congestion  of  the  eyeball  or  increased  tension, 
produces  sufficient  ansesthesia  of  the  conjunctiva,  cornea,  and 
even  iris.  The  disadvantages  are  that  it  makes  the  section 
of  the  cornea  and  the  delivery  of  the  lens  more  difficult,  as 
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it  produces  a  flaccid  cornea  and  a  decrease  of  intra-ocular 
tension.  Cocaine  also  tends  to  dry  the  corneal  surface,  leading 
sometimes  to  loss  of  epithelium. 

Hypodermic  injections  of  cocaine  (4  to  10  per  cent.)  are 
used  to  obtain  anaesthesia  in  cases  of  tenotomy  or  small  lid 
tumours.  Corrosive  sublimate  solutions  should  never  be  em- 
ployed to  wash  out  the  eye  if  cocaine  drops  are  used,  as  a  white 
precipitate  is  thrown  down,  which  produces  irritation  of  the 
corneal  wound.  The  mydriasis  induced  by  cocaine  may  be 
counteracted  by  eserine. 

Eucaine  hydrochloride  in  5  p.c.  solution  has  been  used 
for  local  anaesthesia  by  many  ocuhsts,  but  I  prefer  cocaine. 
When  instilled  into  the  conjunctival  sac,  it  produces  a  great 
deal  of  smarting,  lachrymation  and  conjunctival  congestion. 
Its  only  advantage  seems  to  be  that  the  pupil  is  unaffected. 

Position  of  patient.~The  patient  should  be  lying  on  a  table 
of  a  height  convenient  to  the  operator,  and  his  head  slightly 
raised  on  a  pillow. 

Position  of  operator.~The  operator  should  stand  behind  the 
patient's  head,  except  in  tenotomy  of  a  lateral  rectus.  If  un- 
able to  operate  with  his  left  hand,  he  must  stand  in  front  and 
to  the  left  of  the  patient  when  performing  upward  extraction  of 
the  left  lens. 

An  assistant,  if  required,  stands  on  the  right  side  of  the 
patient,  and  hands  the  instru- 
ments, sponges,  &c. 

Irrigation  of  the  eye. — The 
conjunctival  sac  should  be 
thoroughly  washed  out  with 
distilled  water  or  boracic  acid 
solution  (7  gr.  to  the  oz.)  after 
the  speculum  is  inserted.  The 
most  convenient  way  is  by 
means  of  a  retort-shaped  bottle 
called  an  undine  (fig.  110),  which 

ensures  a  continuous  stream;  a  HO.— Undine 

syringe  will  also  answer  the  pur- 
pose, and  another  method  is  to  soak  absorbent  cotton-wool  i: 
the  solution  and  let  the  fluid  drop  from  it  in  the  eye. 

Care  of  patient  after  operation.— li  the  interior  of  the  ev 
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has  been  opened,  grear  care  must  be  taken  during  removal 
of  the  patient  from  the  operating  table  to  the  bed.  He  should 
not  be  allowed  to  make  any  muscular  exertion,  and  on 
being  placed  in  bed  must  remain  on  his  back.  This  position 
is  the  best  one,  at  all  events  for  the  first  twenty-foiur  hours, 
as,  if  the  patient  is  allowed  to  turn  over  towards  the  non- 
operated-on  side,  he  will  probably  in  his  sleep  roll  over  to  the 
opposite  side. 

In  cases  of  cataract  extraction,  especially  if  performed  without 
an  iridectomy,  the  patient  should  be  watched  by  day  and  night 
for  forty-eight  hours,  as  it  is  generally  during  that  time  that  a 
prolapse  of  the  iris  may  occur. 

I  prefer  the  hands  to  be  tied  down  with  a  bandage  for  the 
first  two  nights. 

For  the  first  forty-eight  hours  the  patient  should  be  fed  on 
fluids,  or  at  most  very  finely  minced  soft  meat,  to  avoid  the  jar 
caused  by  the  movements  of  mastication. 
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LENSES,  SPECTACLES,  &c. 

» 

Lenses  are  now  usually  measured  by  the  metrical  system, 
and  the  standard  taken  is  the  lens  of  1  metre  (40  inches)  focal 
length;  this  lens  is  called  a  dioptre,  and  is  expressed  as  ID. 
From  this  standard  all  other  lenses  are  calculated ;  thus  a  glass 
of  2  dioptres,  being  twice  as  strong  as  the  standard,  has  a  focal 
length  of  '5  metre  (20  inches) ;  one  of  4  dioptres  has  a  focal 
length  of  '25  metre,  and  so  on.  Originally,  in  England,  all 
glasses  were  marked  according  to  their  focal  length  in  inches  ; 

thus  a  lens  of  40  inches  was  called  ~,  &c. 

40 

Spherical  lenses  are  divided  into  convex,  designated  by 
the  symbol  + ,  and  concave  by  - .  As  a  rule  they  are  either 
bi-convex  or  bi-concave,  the  anterior  and  posterior  sm-faces 
being  curved  similarly ;  thus  a  +  6  D.  lens  has  a  curvatm-e  of 
+  3  D.  in  front  and  +  3  D.  behind,  and  a  - 15  D.  lens  would 
have  a  curvatm-e  of  -  7*5  D.  in  front  and  -  7-5  D.  behind. 
Lenses  are  also  made  in  such  a  way  that  one  surface  is  convex 
and  the  other  concave.  These  are  called  periscopic,  and  for 
convex  glasses  up  to  3  D.  give  a  wider  and  better  field.  These 
concavo-convex  (meniscoid)  lenses  should  always  be  worn  so 
that  the  concave  surface  is  posterior  and  next  to  the  eye,  and 
the  proportion  should  be  as  a  rule  one  to  five.  Thus  a  lens  of 
+ 1  D.  would  have  its  concave  posterior  surface  -  2D.  and  its 
anterior  convex  surface  +  3  D. 

Concave  glasses  are  generally  made  double  concave,  but 
deep  lenses,  as  from  8  D.  upwards,  are  best  made  plano-concave. 

Cylindrical  lenses  are  made  from  a  cylinder,  and  one  side 
is  plane  glass.  In  ordinary  cyluidrical  glasses  it  is  advisable,  if 
possible,  that  the  cylinder  used  should  be  a  concave.  Mixed 
spherical  and  cyUndrical  glasses  are  made,  with  the  spherical 
one  side  and  the  cylindrical  the  other. 

Prisms  are  made  either  according  to  the  geometrical  or  the 
visual  angle.    The  geometrical  angle  is  the  one  represented  by 
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the  prism  itself ;  that  is,  the  lens  is  worked  at  an  exact  angle 
from  base  to  apex  according  to  the  degrees  required.  The  visual 
angle  is  the  angle  at  which  an  object  is  deviated  at  any  given 
distance.  An  angle  of  4°  deviation  would  displace  the  light  of 
a  candle  4°,  and,  roughly  speaking,  a  prism  with  a  visual  angle 
of  1°  deviation  is  equal  to  a  2°  geometrical. 

Trial  case. — This  should  contain  convex,  concave,  cylindrical, 
and  prismatic  lenses,  trial  spectacle  frame,  obturator  discs  (slit 
and  pinhole),  red  and  green  glass. 

A  complete  set  of  trial  lenses  (two  of  each)  includes  the 
following : 

Spherical  convex :  -25,  -5,  -75,  1,  1-25,  1-5,  1-75,  2,  2-25,  2-5, 
2-75,  3,  3-5, 4,  4-5,  5,  5-5,  6,  7,  8,  9, 10, 11, 12,  13, 14, 15, 16, 18,  20. 

Spherical  concave,  of  corresponding  strengths. 

Cylindrical  convex :  -25,  -5,  -75,  1,  1-25, 1-5,  1-75,  2, 2-25,  2-5, 
2-75,  3,  3-5,  4,  4-5,  5,  5-5,  6. 

Cylindrical  concave,  of  corresponding  strengths. 

Prisms :  1°,  2°,  8°,  4°,  5°,  6°,  7°,  8°,  9°,  10°. 

Trial  frames  should  be  arranged  so  that  two  lenses,  one 
behind  the  other,  can  be  placed  in  each  eyepiece,  and  should 
have  movable  shutters  and  adjusting  screws  for  increasing  the 
distance  between  the  eyepieces,  and  for  altering  the  height  of 
the  bridge ;  the  eyepieces  should  be  marked  with  the  number 
of  degrees  from  0°  to  180°,  starting  from  the  nasal  side. 

Obturators ;  one  should  have  an  oblong  slit  from  1  mm.  to 
2  mm.  wide,  and  is  used  for  correcting  and  estimating  astigmat- 
ism (p.  398) ;  another  should  have  a  pin-point  apertm-e.  This 
latter  is  very  useful  in  determining  whether  a  visual  defect  is 
due  to  refraction  or  to  some  pathological  change.  If  a  refraction 
error  is  present,  the  patient  will  be  able  to  see  very  much  better 

and  in  many  cases  -  with  the  pin-point  obturator. 

For  estimating  ordinary  refraction  without  astigmatism, 
the  following  sixteen  lenses  can  by  combination  be  arranged  to 
correct  most  errors.  Convex  -25,  -5,  1,  2,  3,  6,  7,  14,  and  concave 
from  -5,  1,  2,  3,  6,  7,  14,  20. 

Spectacles.— Aher  having  found  the  refraction  of  the  patient 
and  the  glasses  to  be  ordered,  it  is  necessary  to  measiure  Mm 
for  spectacles.  They  should  be  accm-ately  centred,  sit  well  on 
the  nose,  be  at  a  distance  from  the  eyes  sufficient  to  allow  the 
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lashes  play  without  touching  the  glasses.  They  must  be  strong 
and  light,  and  made  of  gold  or  steel ;  the  latter  tend  to  rust,  and 
therefore  should  never  be  ordered  for  use  in  hot  or  moist 
climates.  The  sides  of  the  frames  may  be  straight,  or  curled 
at  the  ends  to  fit  round  the  ears. 

The  bridge  must  be  very  carefully  adapted  to  the  nose  so  as 
not  to  indent  it ;  iji  children  the  bridge  should  be  broad.  The 
eyepieces  are  generally  oval  or  romid  oval  (flattened  above) ;  in 
children  with  any  tendency  to  squint,  they  are  best  made  circular. 

To  measiore  for  frames. — The  distance  is  first  taken  between 
the  centre  of  the  pupils,  and  the  height  of  the  bridge  of  the  nose 
measured ;  the  relative  position  of  the  nasal  bridge  and  eyelashes 
is  then  noted. 

Convex  glasses.  For  reading,  the  rule  is  to  make  the  centres 
one-eighth  narrower  (internally)  than  the  pupillary  centres ;  for 
distance,  the  centres  should  correspond  with  the  pupillary. 

Concave  glasses.  For  reading,  the  centres  should  correspond 
with  the  pupillary  centres.  For  distance,  the  glasses  should  be 
'  fiill  wide,'  and  fiequently  it  is  an  advantage  for  the  centres  to 
be  one-eighth  wider  than  the  pupillary  centres,  and  the  lenses 
should  be  worn  as  close  to  the  eye  as  possible,  even  touching 
the  lashes. 

If  the  same  pair  of  spectacles  is  to  be  worn  for  distant  and 
near  vision,  the  pupillary  centres  should  as  a  rule  correspond 
with  the  centres  of  the  lenses.  In  concave  glasses,  the  spectacles 
ought  to  sit  well  up  on  the  face,  and  the  centres  should  be  '  fall 
wide.'  Convex  glasses  should  be  worn  rather  low,  and  the 
centres  '  fall  narrow.' 

Spectacle  lenses  are  made  of  crown  glass  or  rock  crystal 
(pebbles) ;  the  latter  have  the  advantage  of  being  harder  and 
less  liable  to  be  scratched,  but  are  apt  to  have  many  flaws  and 
strife,  producing  unequal  refraction,  added  to  which  they  are 
more  costly.  They  must  be  cut  exactly  at  right  angles  to  the 
optic  axis,  or  unequal  refraction  is  produced.  For  all  practical 
purposes,  the  best  crown  glass  is  preferable  for  spectacle  lenses. 

The  method  employed  in  their  manufacture  is  to  cut  the 
glass  with  a  diamond  uato  pieces  1^  inch  square,  and  then  to 
chip  the  edges  with  iron  shanks  till  they  are  circular.  The 
surface  is  made  of  the  required  curvature  by  instruments  called 
roughing  tools,  which  are  in  shape  just  the  reverse  of  the  glass ; 
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thus,  for  a  convex  glass,  a  concave  roughing  tool  is  used. 
Some  coarse  emery  powder  is  placed  on  the  tool,  and  the  glass 
rubbed  down  by  it  till  the  requisite  shape  is  obtained,  when  the 
surface  is  polished  by  fine  emery  powder.  After  about  fifteen 
pieces  are  prepared,  these  are  cemented  on  a  runner,  and  are 
then  rubbed  in  the  finishing  tool  with  the  fine  emery  powder, 
and  afterwards  polished  with  a  piece  of  cloth  previously  cemented 
to  the  tool. 

Though  spectacles  are  preferable,  many  people  use  pince-nez. 
The  ordinary  pince-nez  which  fold  up  may  be  ordered  in  cases 
of  simple  hypermetropia,  myopia,  or  presbyopia ;  but  in  cases 
of  astigmatism,  the  straight  kind,  generally  known  as  novel 
nippers,  should  be  ordered.  The  use  of  a  single  eyeglass  is,  as 
a  rule,  to  be  condemned,  as  it  tends  to  induce  monocular  vision, 
but  it  may  be  worn  in  cases  where  the  sight  of  one  eye  is  markedly 
inferior  to  the  other. 

Glasses  should  be  worn  as  close  to  the  eyes  as  the  lashes 
will  allow,  except  in  cases  of  presbyopia,  when  the  patient  will 
probably  find  themmore  convenient  if  worn  lower  down  the  nose. 

Bifocal  (Franklin's)  glasses  are  those  in  which  the  lens  is 
so  made  that  the  upper  part  is  of  a  different  focus  to  the  lower ; 
the  upper  portion  is  adapted  for  seeing  at  a  distance,  and  the 
lower  for  near  objects.  They  may  either  consist  of  two  glasses 
joined  across  the  middle,  or  of  one  piece  of  glass  ground  of 
different  thickness,  or  a  fine  layer  of  glass  cemented  on  one 
portion.  They  are  especially  useful  for  myopes  or  presbyopes 
with  an  error  of  static  refraction. 

Prisms  are  rarely  used  over  4°,  partly  owing  to  their  weight, 
for  insufficiency  of  convergence  or  paralysis  of  a  muscle ;  the 
higher  prisms  are  employed  sometimes  in  detecting  malingermg. 

Decentring  glasses. — Convex  and  concave  lenses  may  be 
made  to  act  as  shght  prisms  by  so  adjustmg  them  that  the 
patient  looks  through  the  edge  instead  of  through  the  centre 
of  the  glass ;  thus,  spectacles  of  3  D.  decentred  in  produce  the 
action  of  a  1°  prism  with  base  inwards. 

Stenopaic  spectacles.— The  eyepieces  are  made  of  discs  of 
vulcanite  with  a  small  central  oblong  apertvure,  in  order  to 
confine  the  vision  of  the  patient  to  a  certain  direction. 

They  are  used  in  cases  of  corneal  nebula  or  leukoma,  conical 
cornea,  irregular  astigmatism,  and  lenticular  strife. 
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To  estimate  the  strength  of  a  glass.— The  observer  holds 
the  glass  before  his  eye,  and  looks  at  a  distant  object,  such  as  a 
window  or  letters.  He  now  moves  the  glass  from  side  to  side 
and  from  above  downwards,  and  if  the  object  looked  at  does 
not  appear  to  move,  the  glass  is  plane ;  if  it  moves,  the  glass 
has  a  spherical  or  cylindrical  value.  In  the  latter  case,  lenses 
of  known  strength  should  be  placed  in  front  of  the  glass  until 
objects  seen  through  the  combined  lenses  do  not  appear  to  move. 
For  spherical  glasses,  a  quick  way  is  to  rotate  the  chain  of  lenses 
in  a  refraction  ophthalmoscope  before  the  glass  to  be  estimated. 

The  ijuickest  method  is  by  means  of  the  lens  measure,  an 
instrument  made  by  the  General  Optical  Company,  Chicago. 
This  is  one  of  the  most  useful  adjuncts  to  refraction,  as  in  a  few 
seconds  the  strength  of  the  glass  can  be  accurately  found,  and 
also  that  of  the  surfaces. 

Tinted  glasses  for  the  protection  of  the  eyes  from  the  sim  or 
glare  are  usually  either  of  a  neutral  or  blue  tint,  and  may  be 
made  either  plane  or  correcting  the  patient's  refraction. 

The  depth  of  tint  varies  from  a  very  slight  grey  or  blue  to 
an  almost  black  (electric)  or  very  dark  blue,  and  nimibers  have 
been  given  to  the  different  shades  of  colour.  The  grey  (smoked) 
colour  is  used  in  cases  in  which  the  quantity  of  light  has  to  be 
reduced,  and  the  blue  when  the  quality  is  to  be  subdued. 

A  colour  called  peacock  green  is  useful  in  cases  of  retinal, 
choroidal,  or  optic  nerve  disease. 

Goggles  are  made  with  the  framework  of  fine  wire  gauze  or 
black  crape,  and  should  fit  close  to  the  margins  of  the  orbit  so 
as  to  protect  the  eye  completely  from  wind,  dust,  and  light. 

Dome  (cupped)  glasses  are  hollowed  out  lenses,  also  formuag 
a  protection. 

Shot-proof  spectacles  are  made  of  extra  stout  pebble  of 
Brazilian  quartz,  and  may  be  dome  shaped  or  with  side  pieces. 
The  advantage  of  these  spectacles  is  that  if  struck  by  shot  the 
lens  is  simply  spHt,  and  does  not  sphnter  backwards  like  glass. 

Spectacles  with  the  eyepieces  of  mica  or  talc  are  used  by 
workmen  employed  in  occupations  as  stone-breaking,  &c. 

Optometers  are  instruments  for  estimating  the  refraction 
without  resorting  to  the  trial  case,  except  for  verification,  and 
have  been  arranged  on  several  different  principles.  They  are 
useful  in  the  hands  of  a  careful  and  competent  observer,  and 
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are  then  a  saving  of  time,  especially  if  a  number  of  candidates 
have  to  be  examined.  The  best  form  is  that  invented  by  Mr. 
Conper. 

The  stereoscope  is  useful  in  aiding  the  restoration  of  binocular 
vision  after  squint  operations.  The  best  form  is  a  simple  box 
stereoscope  ^  m.  in  length ;  the  object  slide  should  consist  of 
two  vertical  lines  (a  red  and  black)  which  can  be  moved  nearer 
and  farther  apart  with  a  scale  marked  on  it  in  centimetres. 

Method  of  usvng .—If  the  patient  is  emmetropic,  +  6  D.  lenses 
are  placed  in  the  eyepieces  of  the  stereoscope,  and  the  objects 
moved  as  far  apart  as  possible  with  the  maintenance  of  binocular 
vision.  As  soon  as  binocular  vision  is  obtained  in  this  way  with 
parallel  optic  axes,  the  number  of  centimetres  the  objects  are 
apart  is  read  off  on  the  scale.  The  objects  are  then  moved 
alDOut  1  cm.  closer  to  one  another,  and  +  5  D.  glasses  substituted 
for  the  +  6  D. ;  if  the  patient  can  now  attain  binocular  vision 
for  this  distance,  similar  procedure  is  adopted  with  +  4D., 
+  3  D.,  +  2  D.,  +1  D.,  the  objects  being  in  each  case  ap- 
proached closer. 

The  patient  ought  now  to  be  able  to  obtain  binocular  vision 
without  glasses,  and  wiU  then  be  using  6  m.a.  of  convergence 
at  ^  m.  distance.  If  the  patient  is  hypermetropic  or  myopic, 
he  must  wear  spectacles  correcting  his  error  when  usmg  the 
stereoscope. 

Shades  ought  as  a  rule  to  cover  and  protect  both  eyes  above 
and  also  at  the  sides.  They  are  usually  constructed  of  thin 
cardboard  covered  with  silk,  of  stout  dark  paper,  or  of  black 
plaited  straw. 

The  colour  vision  plate  is  taken  from  Prof.  Holmgren's 
'De  la  Cecite  des  Couleurs,  &c.,'  1877.  It  is  intended  to 
represent  the  three  colours  (1,  11a,  11b)  usually  employed  in 
tests,  and  beneath  each  horizontal  strip  are  the  colours  most 
often  confused  with  it. 

The  colours  mistaken  for,  or  matched  with,  the  green  (No.  1) 
are  pale  yellows,  buffs,  pinks  (1  to  5) ;  with  the  rose  pink 
(No.  11a),  purples,  blues  of  different  amounts  of  saturation, 
and  greys  (6  to  9) ;  with  the  scarlet  (No.  11b)  are  greens, 
browns  (10  to  13). 
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REGULATIONS  FOR  VISION  TESTING,  &c.  OF 
CANDIDATES  FOR  THE  GOVERNMENT  SERVICES  ^ 

Home  Civil  Service. — The  commissioners  refer  each  case  to 
a  competent  medical  adviser,  leaving  him  to  apply  whatever 
tests  he  thinks  necessary  for  the  particular  appointment. 

Eoyal  Navy. — A  candidate  must  be  emmetropic  and  able  to 

read  -  with  each  eye,  and  his  range  of  accommodation  must  be 
perfect. 

Squint  or  any  defective  action  of  the  extrinsic  ocular  muscles, 
or  any  imperfection  in  colour  sense,  disqiialifies. 

The  Army,  mcluding  the  Medical  Department. — A  candidate 

must  with  each  eye  separately,  without  glasses,  read  at  least  — . 

36' 

If  he  can  read  —  with  either  eye,  he  may  be  passed  as  fit 
if  with  correcting  glasses  he  can  read  -  with  one  eye,  and  at 
least      with  the  other  eye,  provided  that  at  the  same  time  he 

can  read  "8  type  with  one  or  both  eyes,  without  glasses,  at  any 
distance  he  Ukes. 

Squint,  colour-blindness,  or  any  disease  of  the  eye  liable  to 
recur,  will  cause  him  to  be  rejected. 

In  examination  for  recruits,  circular  black  spots,  correspond- 
ing at  10  feet  with  a  bull's-eye  3  feet  m  diameter  at  600  yards, 
are  held  before  the  examinee,  who  is  expected  to  tell  the  number 
and  relative  position  of  the  dots  exposed. 


'  For  full  particulars  see  Regitlations  as  to  Physical  Defects 
which  Disqualify  Candidates  for  Admission  into  the  Civil  or  Military 
Government  Services,  by  N.  C.  Macnamara.  J.  &  A.  Churchill,  1894. 
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Indian  Civil  Service  (Covenanted  and  Uncovenanted). — 

A  candidate  must  be  able,  with  or  without  glasses,  to  read  at 

fi  6 
least  -  in  one  eye,  and    in  the  other,  and  there  must  be  no  mor- 
9  "6 

bid  fundus  changes.  A  myope,  with  a  posterior  staphyloma, 
may  pass,  provided  the  myopia  do  not  exceed  2'5  D. 

A  nebula  of  the  cornea  will  disqualify  if  the  sight  of  either 

n 

eye  be  less  than  — ;  and  in  such  a  case  the  vision  of  the  better 

eye  must  be      with  or  without  glasses. 

Paralysis  of  an  extrinsic  ocular  muscle  disqualifies. 

A  case  of  squint  cured  by  operation,  but  without  binocular 
vision,  may  be  passed,  provided  that  the  movement  of  each  eye 
be  good,  and  the  acuity  of  vision  reaches  the  regulation  standard. 

Indicm  Medical  Service  (Covenanted  and  Uncovenanted).— A 

candidate  must  have,  with  or  without  glasses,  vision  of  -  in  one 

eve.  and  at  least  —  in  the  other. 
''12 

The  total  hypermetropia  and  myopia  must  not  exceed  5  D. 
Astigmatism  does  not  disqualify,  provided  the  combined  spherical 
and  cylindrical  glasses  do  not  exceed  5  D. 

Colour-blindness,  paralysis  of  one  or  more  of  the  extrinsic 
ocular  muscles,  or  disease  of  the  fundus  disqualify,  but  a  faint 

corneal  nebula  reducing  vision  in  that  eye  to  "iis- 

qualify  if  the  other  eye  be  healthy,  emmetropic,  and  have 
normal  vision. 

Department  of  (Indian)  Public  Worhs,  Forests,  Survey, 
Telegraph,  Bailway,  Factories,  Police.— A   candidate  must 

have,  with  or  without  glasses,  a  vision  of  not  less  than  -  in  one 
eye  and  ^  in  the  other  eye,  except  in  a  case  with  nebula  of  one 
cornea,  when  the  vision  in  that  eye  must  not  be  less  than 
provided  also  the  other  eye  is  emmetropic  and  has  normal 


vision. 
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A  candidate  may  be  myopic  to  2-5  D,,  provided  that,  witli 
glasses  not  exceeding  this  amount,  the  vision  of  one  eye  is 
6  6 

g  and  the  other  ~.    Myopic  astigmatism  does  not  disqualify  if 

the  combined  spherical  and  cylindrical  glasses  do  not  exceed 
2-5  D. 

The  absolute  hypermetropia  must  not  exceed  4  D.,  and  the 

vision  under  atropine  must  be  at  least  -  in  one  eve  and  ^  in 

9  6 

the  other,  with  +  4  D.  or  a  lower  power. 

In  hypermetropic  astigmatism  the  combined  lens  must  not 
exceed  4  D. 

Colour-bHndness  or  paralysis  of  an  extrinsic  ocular  muscle 
disqualifies. 


INDEX 


Abbasion  of  cornea,  96 
Abscess,  cerebral,  416 
corneal,  85 
lachrymal,  280 
lachrymal  gland,  275 
orbital,  314 
Abscission  of  eyeball,  326 
Accommodation,  367 

action  of  pupil  in,  11 
amplitude  of,  368,  404 
and  convergence,  369 
errors,  404 
estimation,  374 
influence  of  age  upon,  404 
paralysis  of,  407 
paresis,  407 
presbyopia,  404 
pupillary  reflex,  128,  130 
range,  368 
spasm,  409 
theories,  367 
Accommodative  asthenopia,  380 
Achromatopsia,  201 
Action  of  drugs  on  intra-ocular 

muscles,  128,  136 
Actual  cautery,  80,  430 
Acuteness  of  vision,  29 
Advancement  of  external  rectus. 
359 

After  cataract,  240 
Albinism,  142 
Albuminuric  retinitis,  171 
Alcoholic  neuritis,  420 
Alexia,  200 


Alum,  action  on  cornea,  427 
Amaurosis,  195 
Amblyopia,  195 

congenital,  195 
colour,  201 

crossed,  200 

hysterical,  196 

reflex,  196 

simulated,  197 

toxic,  191 

ursemic,  196 
Ametropia,  366 

Amplitude  of  accommodation 
368,  404  ' 
Amyloid  of  conjunctiva,  65 
Anaemia,  eye  diseases,  412 

optic  disc,  185 
Anffisthetics,  general,  436 

local,  436 
Anatomy,  aqueous,  244 

choroid,  141 

cihary  body,  135 

conjunctiva,  39 

cornea,  69 

eyelids,  284 

iris,  107 

lachrymal  apparatus,  274 
lens,  203 

ocular  muscles,  328 
optic  nerve,  181 
orbit,  307 
retina,  161 
sclerotic,  !)7 
vitreous,  245 
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Anohyloblephai-on,  305 
Aneurysm,  retinal,  165 
Angle,  alpha,  365 
gamma,  365 
metre,  334 
of  convergence,  334 
visual,  30 
Aniridia,  108 
Anisocoria,  133 
Anisometropia,  403 
Annular  synechia,  113 
Anophthalmos,  308 
Anterior  chamber,  244 

examination,  9 
paracentesis,  81 
polar  cataract,  21'2 
scleral  staphyloma,  101 
synechia,  78 
Aphakia,  12,  241,  384 
treatment,  384 
Appendix,  421 
Aqueous  chamber,  244 

diseases  of,  247 
dislocation    of  lens 

into,  248 
foreign  bodies  in,  248 
in  glaucoma,  259 
hyphsema,  247 
hypopyon, 248 
Aquo-capsulitis,  137 
Arcus  senilis,  93 
Argyll-Robertson  pupil,  133 
Arterial  disease,  eye  conditions 
in,  415 
pulsation,  165 
Arteries,  anterior  ciliary,  7 
conjunctival,  8 
episcleral,  8 
perforating,  8 
posterior  conjunctival,  6 
retinal,  27,  162 
Artificial  eye,  327 

,  pupil,  120,  214 
Associated  action,  upper  lid,  3 
Asthenopia,  accommodative,  380 

muscular,  335 
Astigmatism,  395 

causation,  400 
chief  meridians,  395 
compound,  397 


Astigmatism,  compound  hyper- 
metropic, 397 

myopic,  397 
corneal,  395 
course,  400 
diagnosis,  400 
eyeball  in,  5 
irregular,  395 
mixed,  397 

ophthalmoscope,  378,  399 
regular,  396 
retinoscopy,  377,  399 
simple,  397 

simple  hypermetropic,  397 

rnyopic,  397 
static,  395 
symptoms,  397 
treatment,  401 
vision  testing.  373,  398 
Ataxia,  eye  symptoms  in,  417 
Atrophy,  choroid,  143 
iris,  113 
optic  nerve,  192 
primary,  193 
progressive,  193 
secondary,  193 
Atropine,  actions,  422 

action,  abnormal,  422 
ciliary  muscle,  136 
in  cataract,  210 
in  corneal  ulcers,  79 
in  glaucoma,  268 
in  iritis,  114 
irritation,  420 
on  pupil,  128,  422 
poisoning,  420,  422 
uses  of,  423 
Axial  myopia,  386 
Axis,  optic,  364 

principal,  of  a  lens,  364 
visual,  365 

Bandaging,  433 
Basedow's  disease,  413 
Belladonna,  422 
Biconcave  lens,  438 
Biconvex  lens,  438 
Bifocal  glasses,  442 
Binocular  vision,  331 
I  vision  tests,  331 
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Bisulphide  of  carbon  neuritis, 
420 

Black  eye,  30G 
Blepharal  abscess,  289 
Blepharitis,  acute,  289 

angular,  287 

ciliary,  286 
Blepharophimosis,  305 
Blepharoplasty,  304 
Blepharospasm,  295 
Blind  spot,  33,  163 
Blisters,  431 

Blood  in  anterior  chamber,  247 

vitreous,  253 
Blood-shot  eye,  40 
Blood-staining  of  cornea,  94 
Blood-vessels,  choroidal,  28 

ciliary  body,  136 

conjunctival,  7,  8 

episcleral,  8 

eye,  external,  6 

iris,  108 

perforating,  8 

retinal,  26,  162 

subconjunctival,  7 
Bowman's  membrane,  69 

tension  notation,  5 
Brain  disease,  eye  symptoms,  416 
Bright's  disease,  eye  symptoms, 
416 

Bulgings,  corneal,  91 

scleral,  101 
BuUer's  shield,  46 
Buphthalmos,  103,  273, 
Burns,  conjunctival,  68 

corneal,  96 

eyelids,  306 

scleral,  104 
Burow's  operation,  300 


Calcareous  film,  cornea,  94 
Canaliculus,  274 

absence,  277 

diseases,  277 

foreign  bodies  in,  277 

operations  on,  278 
Canal  of  Petit,  204 

Schlemm,  97 
Canthi,  284 


;  Canthoplasty,  304 
I  Capsulo-pupillary  membrane, 
I  108 
Carcinoma,  ciliary,  139 
choroid,  147 
eyelids,  292 
lachrymal  gland,  276 
orbit,  317 
Caries  of  orbit,  313 
Caruncle,  4 
Cataract,  205 

after  cataract,  206,  240 
anterior  polar,  212 
artificial  pupil,  214 
atropine  in,  210 
black,  206,  208 
colour,  206 
concussion,  210 
congenital,  211 
consistency,  206 
cortical,  207 
diabetic,  412 
discission,  214 
extraction,  220 

after-treatment,  235 
complications  during 

operation,  232 
corneal     flap  with 

iridectomy,  226 
corneal  flap  without 

iridectomy,  230 
course,  234 
immediate  complica- 
tions, 237 
linear,  217 
modified  linear,  224 
operations,  223 
precautions  before 

operating,  221 
prognosis,  223 
remote  complications, 
239 

rules  for  operating, 
220 
glasses,  237 
hard,  206 
incipient,  207 
lamellar,  211 
maturation,  225 
mature  stage,  208 
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Cataract,  maturing  stage,  208 
membranous,  208 
Morgagnian,  200,  208 
needling  operation,  214 
nuclear,  207 
operations,  214,  223 
over-mature  stage,  208 
polar,  anterior,  212 

posterior,  213  i 
preliminary  iridectomy, 

225 
primary,  207 
progressive,  207,  213 
pyramidal,  212 
ripening,  225 
secondary,  206,  213 
senile,  207 

causation,  208 
diagnosis,  209 
pathology,  209 
prognosis,  209 
treatment,  209 
sight  after  removal,  237 
signs,  205 
soft,  206 
spectacles,  237 
stationary,  211,  213 
suction  operation,  218 
symptoms,  205 
traumatic,  210 
zonular,  211 
Catarrhal  conjunctivitis,  41 
Caustics,  430 
Cauterisation,  81 
Cautery,  actual,  80,  430  _ 
Cavernous  sinus,  thrombosis,  810 
Cellulitis,  orbital,  310 
Central  choroiditis,  147 

scotoma,  33,  36,  191 
Centre  of  rotation  of  eye,  364 
Cerebral  abscess,  eye  symptoms, 
416 

Cerebral  htemorrhage,  eye  symp- 
toms, 416 
Cerebral  tumours,  eye  symptoms, 

416 

Chiasma,  optic,  181 
Chalazion,  290 
Chancre,  conjunctiva,  6() 
eyelid,  290 


Chemosis,  8,  45 
Cherry-red  spot,  160 
Chloroform,  pupil,  131 
Cholesterine,  vitreous,  251 
Choroid,  albinism,  142 

anatomy,  141 

atrophy,  143 

blood-vessels,  28,  141 

coloboma,  141 

congenital  defects,  141 

detachment,  149 

diseases,  141 

inflammation,  142 

nerves,  141 

ophthalmoscopic  appear- 
ances, 28 
ossification,  149 
ring,  184 
rupture,  149 
sarcoma,  147 
tubercle,  146 
tumours,  147 

diagnosis,  148 
Choroiditis,  142 

central  guttate,  147 
disseminated,  144 
exudative,  142 
myopic,  145 
non -purulent,  142 
pigment  in,  143 
plastic,  142 
purulent,  147 
ringed,  145 
senile,  147 
sooty,  147 
syphihtic,  144 
tubercular,  146 
Ciliary  blepharitis,  286 
glands,  137 
muscle,  135,  140 

action  of  drugs  on,  136 
paralysis,  140 
spasm  of,  140 
processes,  136 
Ciliary  body,  anatomy,  135 
diseases,  135 
1  examination,  11 

inflammations,  137 
nerves,  136 
physiology,  135 
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Ciliary  body,  sarcoma,  139 
tumour,  13!) 
vessels,  13G 

Circulation,  intra-ocular  fluids, 
246 

Circumcorueal  zone,  8 
Circuuilental  siDace,  204 

glaucoma,  266 

Cocaine,  425 

action  on  pupil,  129 
ciliary  muscle,  136 
local  anaasthetic,  436 

Collyria,  420 

Coloboma  of  choroid,  141 
iris,  108 
lens,  204 
lids,  286 
optic  disc,  185 
Colour-blindness,  201 

Holmgren's  test,  37,  444 
in  optic  atrophy,  193 
-vision  tests,  36 
theories,  201 
Coloured  vision,  200 
Colours,  field  of  vision,  33 
Commotio  retinffi,  180 
Conical  cornea,  92 
Concomitant  strabismus,  348 
convergent,  348 

advancement,  352 
causation,  349 
hypermetropia,  349 
signs,  348 
tenotomy  in,  351 
treatment,  350 
varieties,  349 
divergent,  353 

causation,  354 
in  myopia,  353 
signs,  353 
treatment,  354 
Congenital    affections,  choroid, 
141 

eyelids,  286 
iris,  108 

lachrymal  apparatus, 

277 
lens,  204 
optic  nerve,  185 
orbit,  308 


Congenital  affections,  retina,  1G3 
sclerotic,  98 
vitreous,  249 
amblyopia,  195 
colour,  201 
cataract,  211 
glaucoma,  273 
Conjugate  movements  of  eyeball, 
330 

Conjunctiva,  amyloid  disease,  65 

anatomy,  39 

burns  and  scalds,  68 

carcinoma,  67 

chemosis,  8 

cysts,  66 

dermoid,  66 

diseases,  39 

essential-shrinking,  65 

examination,  6 

foreign  bodies,  67 

fornix,  6,  39 

hyperaBmia,  40 

injuries,  67 

limb,  39 

nerves,  40 

ocular,  6,  39 

palpebral,  6,  39 

pemphigus,  65 
retro-tarsal  fold,  40 
sarcoma,  67 
scalds,  68 
staining,  67 
tarsal,  40 
tubercle,  66 
tumours,  65 
vessels,  7,  8,  40 
wounds,  67 
xerosis,  64 
Conjunctivitis,  40 

adult  purulent,  45 
catarrhal,  41 
diphtherial,  50 
follicular,  52 
gonorrhoeal,  45 
granular,  53 
infantile  purulent,  47 
membranous,  50 
mucopurulent,  41 
phlyctenular,  59 
purulent,  45 
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Conjunctivitis,  pustular,  (il 
signs,  41 
spring,  02 
vernal,  2G 
Constipation,  eye  symptoms,  415 
Convergence,  333 

accommodation,  369 
angle,  334 
insufficiency,  335 
negative,  335 
Convergent  concomitant  strabis- 
mus, 348 
Co-ordinated    movements,  eye- 
ball, 330 
Corectopia,  109 
Cornea,  abscess,  85 
anatomy,  69 
arcus  senilis,  93 
blood-staining,  94 
bulgings,  91 
burns  and  scalds,  96 
conical,  92 
diseases,  69 
examination,  8,  21 
fistula,  85 
foreign  body,  94 
glaucoma,  259 
herpes,  73 
inflammations,  70 
injuries,  94 
lead  deposit,  80,  420 
leukoma,  78 
nebula,  78 
nerve  supply,  69 
reflex,  19 
scalds,  96 
stapbyloma,  91 
tattooing,  84 
transplantation,  85 
transverse  calcareous  film, 
94 

tumours,  94 

ulcer,  74 

causation,  77 
cauterisation,  81 
complications,  78 
gout,  412 
infective,  76 
marginal,  76 
pathology,  77 


Cornea,  ulcer,  phlyctenular,  72 
prognosis,  79 
Saemisch's  operation, 
82 

serpiginous,  70 

symptoms,  77 

transparent,  70 

treatment,  79 

varieties,  74 

vascular,  72 

wounds,  96 
Counter  irritants,  431 
Crescents,  congenital,  185 

myopic,  388,  20 
Crossed  diplopia,  337 
Crystalline  lens  {see  Lens,  crystal- 
line) 

Cupping,  atrophic,  25 

glaucomatous,  25,  258 

physiological,  25 
Curare,  pupil,  132 
Cyclitis,  catarrhal,  137 

plastic,  138 

purulent,  139 

serous,  137 

signs,  137 

symptoms,  137 
Cycloplegia,  407 

diphtheritic,  414 
Cylindrical  lenses,  439 
Cysticercus  cellulosje,  116,  248  ■ 
Cysts,  conjunctiva,  06 

dermoid,  60,  310 

eyelids,  290,  292 

iris,  116 

lachrymal  gland,  276 
meibomian,  290 
orbit,  316 


DACEyO-CTSTITIS,  275 

Dark  glasses,  442 
I  Daturin,  424 
I  Decentring  glasses,  442 

Dendritic  keratitis,  14 

Dermoid  cysts,  conjunctival,  60 
of  orbit,  310 
I  Descemet's  membrane,  69 
'  Descemititis,  89,  137 
!  Detachment  of  choroid,  149 
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Detachment  of  retina,  17G,  19 
operation  for,  178 
vitreous,  253 
Diabetes,  eye  diseases,  412 
cataract,  412 
retinitis,  173 
Digestive  system,  eye  diseases, 

415 
Dioptre,  488 
Dioptric  apparatus,  363 

system  of  lenses,  439 
Diphtheria,  eye  diseases,  413 
conjunctivitis,  50 
paralysis  of  accommoda- 
tion, 414 
Diplopia,  337 

crossed,  337 
field,  343 

homonymous,  337 

monocular,  205 

testing,  340 
Direct  close  examination,  20 
Disc  {see  Optic  disc) 
Discission  operation,  214 
Dislocation  of  lens,  241 

treatment,  242 
Disseminated  choroiditis,  144 

sclerosis,  eye  diseases,  416 
Distichiasis,  297 

Divergent  concomitant  squint, 
353 

Dome  glasses,  443 
Double  vision,  337 
Dressings,  operation,  433 
Drooping  of  upper  lid,  286,  293 
Drugs,  action  on  ciliary  muscle, 
136 

pupil,  11,  128,  131 
Duboisin,  425 
Dyslexia,  200 


Ear  disease,  eye  symptoms,  415 
Ecchymosis  of  eyelids,  305 
Ectropion,  301 

operation,  302 
Electrolysis,  canaliculus,  278 

lashes,  298 
Electro-magnet,  253 
Embolism,  central  artery,  1G5 


Emmetropia,  366 

accommodation,  367 

diagnosis,  367 

ophthalmoscope,  366 

retinoscopy,  366 

signs,  366 
Emphysema,  lid,  306 
Encephalocele,  316 
Enophthalmos,  5,  310 
Entropion,  299 

operations,  300 
Epicanthus,  286 
Epilation  of  lashes,  297 
Epilepsy,  eye  symptoms,  418 
Epiphora,  277 
Episcleral  vessels,  8 
Episcleritis,  98 
Erysipelas,  eye  diseases,  412 

lid,  289 
Erythema,  Kd,  289 
Erythropsia,  200 
Eserine,  129,  425 

ciliary  muscle,  136 

corneal  ulcers,  79 

glaucoma,  271 

mydriasis,  123 

pupil,  129 
Estimating  strength  of  lens,  442 
Eucaine,  hydrochloride,  437 
Eversion,  upper  lid,  301 
Evisceration  of  eye,  325 

Mules'  operation,  326 
Examination,  anterior  chamber,  9 

ciliary  region,  11 

conjunctiva,  6 

cornea,  8,  21 

direct  ophthalmoscopic, 
16 

extrinsic  muscles,  3 
eye,  1 

field  of  vision,  32 
focal,  8 
fundus,  21 

indirect  ophthalmoscopic, 

22 
iris,  9 

lachrymal  system,  4 
lens,  11,  21 
light  sense,  37 
of  blood-vessels,  6 
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Exainination    of  colour-vision, 
30 

eye  objective,  2 

subjective,  2,  29 

ophtlialmoscoj)e,  18 

optic  disc,  25 

orbit,  5 

pupils,  10 

refraction,  370 

retina,  28 

sclerotic,  8 

tension,  5 

vision,  29 

vitreous,  21 
Excision  of  eyeball,  320 
Exopbtbalmic  goitre,  413 

Graefe's  symptom,  413 
Exophthalmos,  309 

Graves'  disease,  413 

pulsating,  318 
Exostosis,  orbital,  317 
External  rectus,  advancement, 
359 

paralysis,  342 
Extraction,  cataract  {see  Opera- 
tions) 

Extrinsic  muscles,  examination,  3 
Eye,  artificial,  327 

examination  of  the,  1 
objective,  2 
subjective,  2,  29 
opt:'cal  properties,  362 
refraction,  362 
Eye  symptoms  and  diseases  in 

general  diseases,  411 
Eyeball  evisceration,  325 
examination,  4 
excision,  320 
Eyelashes  epilation,  297 
ingrowing,  297 
operations,  298 
transplantation,  301 
Eyelids,  abscess,  289 
action,  285 

anatomy  and  physiology, 
284 

anchyloblepharon,  305 
burns,  306 
carcinoma,  292 
coloboma,  286 


Eyelids,  congenital  affections,  28 

cysts,  290 
epicanthus,  28G 
erysipelas,  289 
erythema,  289 
eversion,  301 
examination,  2,  3 
inflammations,  286 
injuries,  306 
inversion,  299 
involuntary  wink,  286 
muscles,  285 
narrowing  of  fissure,  305 
oedema,  289 
ptosis,  286,  293 
rodent  ulcer,  292 
sarcoma,  292 
symblepharon,  305 
syphilis,  290 
tarsi,  285 
to  evert  upper,  3 
tubercle,  290 
tumours,  290 
upper,  associated  action,  3 
use,  286 

Eyes,  associated  movements  of, 
330 


False  image,  position,  341 
'  Far  point,'  368 
Field  of  fixation,  330 
vision,  32 

colour,  33 
estimation  of,  32 
glaucoma,  256 
hysteria,  196 
Filtration  angle,  264 
Fistula,  lachrymal,  283 
of  cornea,  85 
of  lachrymal  gland,  276 
Fixation,  field  of,  330 

line,  365 
Fluorescin,  9,  431 
Focal  illumination,  2 

examination  of  eye  by.  8 
Follicles,  52 

Follicular  conjunctivitis,  52 
Folliculosis,  52 
Fomentations,  421 
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Fontana,  spaces,  244 
Foreign  body,  aqueous  chamber, 
248 

canaliculus,  277 
conjunctiva,  67 
cornea,  94 
orbit,  320 
vitreous,  253 
Fornix,  conjunctival,  G,  39 
Fourth  nerve,  paralysis,  344 
Fovea  centralis,  162 
Fracture  of  orbit  walls,  320 
Friedreich's  diseases,  eye  symp- 
toms, 418 
Frontal  mucocele,  318 

sinus,  distention  of,  318 
Functional  nervous  diseases,  418 

night  blindness,  175 
Fundus,  examination,  21,  23 


Geneeal  diseases,  eye  symptoms, 
411 

Giddiness  from  ocular  paralysis, 
341 

Glasses,  protective,  442 
Glaucoma,  255 

absolutum,  260 
after  extraction,  239 
anterior  chamber,  259 
atropine  in,  268 
causation,  267 
congenital,  273 
congestive,  acute,  259 

chronic,  261 
cornea,  259 

cupping,  25, 258 
diagnosis,  268 

eserine  in,  271 

etiology,  262 

field  of  vision,  256 

general  treatment,  272 

gout,  412 

hemorrhagic,  273 

haloes,  256 

iridectomy,  121,  269 

iridic  angle,  264 

light  sense,  257 

operative  treatment,  269 

optic  disc,  258 


aucoraa,  pain,  257 
pathology,  267 
premonitory  symptoms, 

255 
primaiy,  255 
prognosis,  269 
pupil,  259 

rainbow  colours,  256 
retinal  circulation,  258 
scleral  punctures,  271 

ring,  26 
sclerotomy,  271 
secondary,  272 
signs,  258 
simple,  262 
symptoms,  256 
tension,  258 
theories,  263 
theory  of  iridectomy,  270 
treatment,  269 
Glioma  of  retina,  179 

diagnosis,  179 
of  optic  nerve,  194 
Globe  {see  Eyeball) 
Goggles,  442 

Goitre,  exophthalmic,  413 
Gonorrhoea,  eye  symptoms,  414 
iritis,  112 
ophthalmia,  45 
Gout,  corneal  ulcer,  412 
episcleritis,  99 
eye  diseases  in,  412 
hot  eye,  53,  412 
iritis,  112 
scleritis,  10 
Graefe's  operation,  strabismus, 
357 

_  sign,  413 
Grafting  mucous  membrane,  301 
Granular  conjunctivitis,  53 
Graves'  disease,  413 
Gravidic  retinitis,  173 
Guttffi,  421 


H;emoerhage    after  extraction, 
234 

anterior  chamber,  247 
eye  symptoms  from,  415 
iridectomy,  120 
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Hasmorrhage,  orbital,  320 

retinal,  1G7 

sub-conjunctival,  319 

sub-hyaloid,  108 

vitreous,  252 
Hffimorrliagic  glaucoma,  273 

retinitis,  174 
Hasmostatics,  432 
Haloes,  glaucomatous,  25G 
Hard  cataract,  20G 
Headache,  ocular,  418 
Heart  disease,  eye  diseases,  415 
Hemianopsia,  184,  198 

altitudinal,  199 

homonymous,  184,  199 
bitemporal,  185,  199 
nasal,  185, 199 
Hereditary  syphilis,  eye  diseases, 
414 

Herpes  cornete,  73 

ophthalmicus,  417 
Heterochromia  iridis,  109 
Heterophthalmos,  109 
Hippus,  134 

Holmgren's  test  for  colour-blind- 
ness, 37,  444 
Homatropine,  424 

on  pupil,  129 
Homonymous  diplopia,  337 
Hordeolum,  288 
Hot  eye,  53,  412 
Hyaloid  artery,  persistent,  249 

canal,  246 
Hydatid,  orbit,  316 
Hypersemia  of  conjunctiva,  40 

of  optic  disc,  185 
Hypermetropia,  378 

absolute,  379 

acquired,  379 

aiDbakia,  384 

asthenopia,  380 

axial,  379 

complications,  381 

convergent  squint,  381 

diagnosis,  382 

latent,  379 

manifest,  379 

ophthalmoscope,  381 

pathology,  381 

prognosis,  382 


Hypermetropia,  signs,  380 

tests,  380 

treatment,  382 

vision  testing,  380,  371 
Hyphtema,  247,  123 
Hypopyon,  248 

ulcer,  76 
Hysteria,  eye  symptoms,  418 

amblyopia,  196 

Illuminatiom,  focal,  12 
Incipient  iritis,  diagnosis,  114 
Indirect  ophthalmoscopic  exam- 
ination, 22 
Infective  fevers,  eye  symptoms, 
411 

Inferior  oblique  paralysis,  344 

rectus  paralysis,  343 
Influenza,  eye  diseases,  412 
Injuries,  aqueous  chamber,  248 

canaliculus,  277 

choroid,  149 

conjunctiva,  67 

cornea,  94 

eyelids,  306 

iris,  122 

lens,  243 

ocular  muscles,  340 

optic  nerve,  194 

orbit,  319 

retina,  180 

sclero-corneal,  105 

sclerotic,  104 

vitreous,  253 
Instruments,  preparation,  435 
Insufiiciency  of  convergence,  335 
Internal  rectus  paralysis,  343 
tenotomy,  357 
Intra-ocular  fluids,  circulation, 
246 

tension  (see  Tension) 
Iridectomy,  116,  121 

complications,  120 
corneal  incision,  117 
in  cataract  extraction,  224, 
228 

in  corneal  opacity,  122 
in  glaucoma,  122,  269 
in  iritis,  115 


INDEX 


459 


Iridectomy,  modifications,  120 
optical,  122 
scleral  incision,  121 
situation  of  coloboma,  122 
size  of  coloboma,  122 
Irideremia,  108 
Iridic  angle,  264 

in  glaucoma,  264 
Irido-dialysis,  123 
Irido-donesis,  123 
Iridotomy,  122 
Iris,  absence,  108 
anatomy,  107 
atrophy,  113 
homU,  113 
coloboma,  108 
congenital  defects,  108 
cysts,  116 
diseases,  107 
examination,  9 
inflammation,  109 
injuries,  122 
nerves,  108 
operations,  116 
physiology,  125 
prolapse,  123 
pupillary  membrane,  109 
retroversion,  123 
sarcoma,  116 
tremulous,  10 
tubercle,  116 
tumours,  116 
vessels,  108 
Iritis,  109 

atropine  in,  114 
causation,  112 
complications,  113 
course,  112 
diagnosis,  114 
fcetal,  112 

glaucoma  secondary  to,113 
gonorrhoeal,  112 
gouty,  112 

incipient,  diagnosis,  114 
iridectomy,  115 
operations  in,  115 
paracentesis,  115 
pathology,  113 
prognosis,  114 
pupil  in,  110 


Iritis,  quiet,  112 

relapsing.  111 
rheumatic,  111 
serous,  137 
signs,  109 
suppurative,  112 
sympathetic,  154 
symptoms.  111 
syphilitic.  111,  116 
traumatic,  112 
treatment,  114 
tubercular,  116 
Irregular  astigmatism,  395 
Irrigation  of  eye,  437 
Irritation,  sympathetic,  153 
Ischasmia  of  the  retina,  165 
Isocoria,  132 


Jequirity,  431 


Keeatitis,  bullous,  73 

characteristics  of,  70 

dendritic,  74 

herpetic,  73 

hypopyon,  76 

interstitial,  86 

mycotic,  74 

neuroparalytic,  91 

parenchymatous,  86 

phlyctenular,  71 

posterior,  89 

punctate,  89,  137 

superficial,  70 
punctate,  74 

vascular,  70 

xerotic,  90 
Keratoconus,  92 
Kerato-malacia,  90 
Keratoscopy,  374 
Kidney    disease,   eye  diseases, 
416 


Lacheymal  abscess,  280 

apparatus,  anatomy,  274 
canaliculi,  diseases,  277 

slitting  up,  278 
drainage  system,  274 
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Lachrymal     drainage  system, 
aW'ections,  27G 

congenital  affections, 
277 

gland,  274 

carcinoma,  27G 
cysts,  276 
diseases,  275 
examination,  4 
fistula,  27G 
inflammation,  275 
removal,  276 
sarcoma,  276 
tumours,  27G 
nasal  duct  obstruction,  282 

probing,  281 
puncta,  alterations,  277 
sac,  inflammation,  279 
acute,  280 
chronic,  280 
obliteration,  283 
stricture,  282 
Lachrymation,  277 
Lactation,  eye  diseases,  416 
Lagophthalmos,  296 
Lamellre,  421 
Lamellar  cataract,  211 
Lamina  cribrosa,  24,  183 
Landolt's  strabismus  operation, 
357 

Latent  hypermetropia,  379 
Lead  opacity,  corneal,  80,  420 

poisoning,  eye  diseases,  420 
Leeches,  432 
Leiter's  tubes,  432 
Lens,  crystalline,  abnormalities, 
204 

anatomy,  203 

coloboma,  204 

diseases  of,  203 

dislocation,  241 

effect  of  age  on,  204 

examination,  11,  21 

fcetal,  204 

function,  204 

injuries,  243 

opacity,  12,  205 

reflex,  11 

senile,  12,  204 

suspensory  ligament,  203 


Lenses,  biconcave,  439 

biconvex,  439 

cylindrical,  439 

decentring,  442 

dioptric  system,  439 

estimating  strength,  443 

measure,  443 

periscopic,  439 

prisms,  439 

spectacles,  441 

spherical,  439 
Lenticonus,  205 

Leucocythtemia,  eye  diseases,  412 

retinitis,  173 
Leukoma,  75 

adherens,  78 
Lids  {see  Eyelids) 
Light,  difference,  38 

sense,  37 

testing,  37 

minimum,  38 

reflex,  pupillary,  10,  127 

retinal  changes  from,  170 
Limb,  conjunctival,  39 
Limeburns,  68 
Linear  extraction,  217 
Lippitudo,  287 
Lithiasis,  conjunctiva,  67 
Locomotor  ataxia,  eye  diseases, 
417 

optic  atrophy,  417,  193 
pupils,  418,  132 
Lotions,  421 

Lupus,  conjunctiva,  66         _  • 
Lymph  angiectasis,  conjunctiva, 
66 

Lymphatic  vessels,  8 


Macula  lutea,  28,  162 
Magnet,  electro,  253 
Malignant  myopia,  388 
Malingering  amblyopia,  197 
Massage,  corneal  nebula,  84 
Maturation,  cataract,  225 
Measles,  eye  diseases,  411 
Meibomian  cysts,  290 
Melanoma  of  iris,  116 
Membranous  conjunctivitis,  50 
Meningitis  after  excision,  159 
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Meningitis,  eye  diseases,  416 
Meningocele,  31(5 
Metamorphopsia,  169 
Metre-angle,  334 
Microphthalmos,  309 
Micropsia,  169 

Migraine,  eye  symptoms,  418 
Miliary  tubercle,  choroid,  146 
Milium,  292 

Miosis,  congestion,  11,  125,  133 
Miotic  nerves,  125 

tract,  126 
Miotics,  425 

Molluscum  contagiosum,  291 
Monocular  diplopia,  205 
Moon-blindness,  175 
Morgagnian  cataract,  206,  208 
Morphine  pupil,  131 
Mucocele,  frontal,  318,  4 
Muco-purulent  conjunctivitis,  41 
Mucous  membrane,  grafting,  301 
Mules'  operation,  326 
Mumps,  eye  diseases,  411 
Muscaa  volitantes,  249 
Muscles,  ciliary,  135,  140 
extrinsic  ocular,  328 
action,  329 
anatomy  and  physio- 
logy, 328 
co-ordinated  move- 
ments, 330 
examination,  3 
nerve  supply,  329 
pupillary,  125 
Muscular  asthenopia,  335 
Mydriasis,  132,  133 
paralytic,  345 
traumatic,  123 
Mydriatic  nerves,  126 

tract,  126 
Mydriatics,  422 
Myopia,  385 

accommodation  in,  368 
axial,  386 
causes,  389 
choroiditis,  145 
complications,  388 
convergence,  insufficiency, 
389 

crescent,  26,  388 


Myopia,  diagnosis,  390 

divergent  squint,  353,  389 

eyeball  in,  5,  386 

from  cataract,  386 

from  conical  cornea,  386 

glasses  in,  392 

malignant,  388 

ophthalmoscope,  387 

prognosis,  391 

progressive,  388 

refractive,  386 

retinoscopy,  387 

rules  for  checking,  391 

signs,  386 

simple,  388 

staphyloma,  389,  102 

symptoms,  386 

treatment,  391 

operative,  394 
preventive,  391 

vision  testing,  387,  372 
Myxoedema,  eye  diseases,  412 


Nagel's  metre-angle  notation,  334 
Nasal  disease,  eye  symptoms,  415 
duct,  275 

obstruction,  282 
probing,  281 
Near  point,  368 
Nebula,  corneal,  78 
treatment,  83 
Necrosis  of  orbit,  314 
Needling,  cataract,  214 
Negative  convergence,  335 
Nephritis,  eye  symptoms,  416 
Nerve,  fourth,  paralysis,  344 
optic  atrophy,  192 

inflammation,  185 
sixth,  paralysis,  342 
sympathetic,  excitation  of, 
418 

paralysis,  418 
third,  paralysis,  344 
Nerves,  conjunctival,  40 
ciliary  body,  136 
cornea,  69 
,  iris,  108 

]  Nervous  system  diseases,  eye 
I      disease  in,  416 
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Neuralgia,  ocular,  418 
Neuritis,  optic,  185 

retro-ocular,  189 
acute,  189 
chronic,  191 
Neuro-paralytic  keratitis,  91 
Nictitating  membrane,  4 
Night-blindness,  retinitis,  169 

functional,  175,  90 
Nitrate  of  silver,  430 

mitigated,  430 

staining  conjunctiva,  67 
Nodal  point  of  eye,  364 
Nystagmus,  361,  3 

disseminated  sclerosis,  416 

miner's,  361 


Objective  examination  of  eye,  2 

lens,  15,  22 
Oblique  illumination,  8 

muscles,  328 

paralysis,  344 
Obturators,  440 

Occlusion    of    central  retinal 
artery,  165 

of  pupil,  113 
Ocular  headache,  418 

paralysis,  342 
Oculo-orbital  sulcus,  5 
CEdema  of  the  lids,  289 

conjunctival,  8,  45 
Ointments,  opbthahnic,  421 
Old  sight  {see  Presbyopia) 
Opacities,  cornea,  78 

lens,  19 

vitreous,  250,  19 
Opaque  nerve  fibres,  164 
Operating,  general  rules,  433 

room,  433 
Operations,  abscission,  326 
advancement,  359 
anchyloblepharon,  305 
artificial  pupil,  120 
blepharoplasty,  304 
canaliculi,  278 
canthoplasty,  304 
cataract,  214 

artificial  pupil,  214 
discission,  214 


Operations,  cataract,  extraction, 
223 
linear,  217 
maturation,  225 
modified  linear,  224 
old  flap,  223 
short  3mm.  flap,  226 
suction,  218 
conical  cornea,  93 
corneal  staphyloma,  92 
detachment  of  retina,  178 
distended  frontal  sinus, 
319 

ectropion,  302 

entropion,  300 

evisceration,  325 

excision,  320 

of  eyelashes,  299 

eyelashes,  operations,  297 

foreign  body  on  cornea,  95 

general  description  of,  433 

glaucoma,  269 

iridectomy,  116 

iridotomy,  122 

lachrymal  abscess,  281 
gland,  excision,  276 
sac,  obliteration,  283 

meibomian  cyst,  291 

myopia,  394 

paracentesis   of  anterior 
chamber,  81 

peritomy,  59 

probing  nasal  duct,  281 

pterygium,  64 

ptosis,  293 

sclerotomy,  103 

slitting  canaliculus,  278 

strabismus,  855 

symblepharon,  305 

tarsoraphy,  297 

tattooing  cornea,  84 

tenotomy,  355 

trichiasis,  297 
Ophthalmia,  41 

granular,  53 

neonatorum,  47 

rheumatic,  100 

sympathetic,  153 
Ophthalmitis,  sympathetic,  153 
Ophthalmo-dynamometer,  334 


INDEX 


463 


Ophthalmoplegia  externa,  347 

interna,  407 
Ophthalmoscope,  13 

examination  by,  15 
direct,  16 
direct  close,  20 
distant,  16 

hints  for  beginners,  17 
indirect,  22 
retinoscopy,  18,  375 
forms  of,  14 

image,  magnification  of, 
23 

refraction,  13 

estimation,  377 
Optic  axis,  364 
Optic  chiasma,  181 

section,  185 
Optic  disc,  162,  24 

anfemia,  185 

atrophy,  cupping  in,  25, 
193 

coloboma,  185 
congenital  crescent,  185 
connective  tissue  ring,  26, 
184 

glaucoma,    cupping,  25, 
258 

healthy,  24,  162 

hypersemia,  185 

ophthalmoscopic  appear- 
ances, 24 

physiological  cup,  25 

swelling,  26 
Optic  nerve,  anatomy,  181 

atrophy,  192 

post-papillitic,  186 
primary,  193 
progressive,  193 
secondary,  193 

congenital  abnormalities, 
185 

diseases,  181 

inflammations,  185 

injuries,  194 

intra-cranial  portion,  183 
intra-ocular  portion,  183 
intra-orbital  portion,  183 
physiology,  184 
pupillary  fibres,  181 


Optic  nerve,  section,  184 
sheath,  183 
tumours,  194 
visual  fibres,  181 
Optic  neuritis,  185 

retro-ocular,  189 
papillitis,  186 
tract,  181 

section,  184 
Optical  properties  of  eye,  362 
Optometers,  443 
Orbicularis  muscle,  285 

paralysis,  296 
spasm,  295 

Orbit,  abscess,  314 

anatomy,  307 

carcinoma,  317 

caries,  313 

cellulitis,  310 

congenital  affections,  308 

cysts,  316 

dermoid,  316 

diseases,  308 

examination,  5 

foreign  body  in,  320 

inflammations,  310 

injuries,  319 

necrosis,  314 

operations,  320 

penetrating  wounds,  320 

periostitis,  312 

pulsating  tumours,  318 

sarcoma,  317 

syphilis,  312,  316 

tubercle,  312,  316 

tumours,  315 
Oscillation  of  pupil,  134 
Ossification  of  choroid,  149 


Palpebeal  (see  Eyelids) 
Pannus,  56 

trachoma,  53 
Panophthalmitis,  157,  79 
Papilla,  optic  (see  Optic  disc) 
PapiUitis,  186 

causes,  187 

course,  186 

diagnosis,  188 

pathology,  187 
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Papillitis,  prognosis,  189 

signs,  186 

symptoms,  186 

treatment,  189 
Papillo-retinitis,  169 
Paracentesis,  anterior  chamber, 
81 

for  iritis,  115 
sclerotic,  104 
arallactic  movement,  25 
Paralysis  of  accommodation,  407 
cervical  sympathetic 

nerve,  418 
ciliary  muscle,  140 
diphtheritic,  345 
external  rectus,  342 
fourth  nerve,  244 
inferior  oblique,  344 
inferior  rectus,  343 
internal  ocular  muscles, 

407 

internal  rectus,  343 
sixth  nerve,  342 
superior  oblique,  344 
superior  rectus,  343 
third  nerve,  344 
Paralytic  mydriasis,  345 
squint,  340 

causation,  345 
prognosis,  346 
symptoms,  340 
treatment,  346 
Paresis  of  accommodation,  407 
Pemphigus  of  conjunctiva,  65 
Perimeter,  34 

angle  of  squint,  36,  339 
charts,  35 
Periostitis  of  orbit,  312 
Periscopic  lenses,  439 
Peritomy,  59 

Persistent  hyaloid  artery,  249 
Petit's  canal,  204 
Phlyctenular  conjunctivitis,  59 

corneal  ulcer,  72 

keratitis,  71 
Photometer,  37 
Phtheiriasis,  304 
Phthisis  bulbi,  155 
Physiological  cup,  25 
Physiology,  ciliary  muscle,  135 


Physiology,  optic  nerve,  184 
pupil,  125 
retina,  163 
Physostigmine  (see  Eserine) 
Pigment,  retina,  164 

choroiditis,  143 
Pigmentary  retinitis,  170 
Pilocarpine,  426 
Pinguecula,  6,  63 
Placido's  disc,  93 
Plastic  uveitis,  151 
Plica  semilunaris,  4 
Poisons,  eye  symptoms,  420 
Polycoria,  109 
Polyopia,  monocular,  205 
Positive  convergence,  334 
Post-papillitic  atrophy,  186 
Posterior  chamber,  244 

polar  cataract,  213 
staphyloma,  102,  389 
synechia.  110 
Pregnancy,  eye  diseases,  416 
Preliminary  iridectomy,  225 
Presbyopia,  404 
course,  406 
diagnosis,  406 
in  myopia,  407 
symptoms,  405 
'treatment,  406 
Primary  cataract,  207 
■    deviation,  337 
glaucoma,  255 
optic  atrophy,  193 
Prisms,  439 

double,  335 
numbering  of,  440 
uses  of,  442 
Probes,  lachrymal,  281 
Probing  nasal  duct,  281 
Progressive  myopia,  388 
optic  atrophy,  193 
Projection,  false,  341 
Prolapse  of  iris,  123 

in  cataract  extraction,  238 
in  sclerotomy,  104 
Proptosis,  5,  309 
Protective  glasses,  442 
Pseudo-glioma,  147,  253 

diagnosis,  179 
Pterygium,  63 
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Ptosis,  293 

acquired,  293 

congenital,  293 

from  granular  lids,  293 

operations,  293 
Pulsating  exophthalmos,  318 

tumour  of  orbit,  315 
Pulsation,  retinal  vessels,  165 
Punctate  keratitis,  137 
Punctum,  examination  of,  4 
Pupil,  10,  125 

action  of  drugs,  11,  128, 
131 

actions  in  health,  107, 130 
Argyll  Eobertson,  133,  418 
artificial,  120 
associated  actions  of,  130 
atropine  on,  128 
cocaine  on,  129 
contraction  from  conges- 
tion, 11 
with  accommodation, 
12 

cyclitis,  137 

during  sleep,  131 

eserine  on,  129 

examination,  10 

glaucoma,  259 

hippus,  134 

homatropine,  128 

influence  of  age,  130 

iritis,  110 

malposition,  109 

measurements,  130 

muscle,  125 

nerves,  125 

normal,  131 

occlusion,  113 

pathological  states,  132 

physiology,  125 

reflexes,  10,  127 

spinal,  418 

supernumerary,  109 
Pupillary  aperture,  10 

membrane,  109 
persistent,  108 

muscle,  125 

reflexes,  10,  127 
Pupillometer,  10 
Purpura,  412 


Purulent  choroiditis,  147 
iritis,  112 
retinitis,  175 
uveitis,  157 
Pustular  ophthalmia,  61 
Pyffimia,  eye  disease,  411 
Pyramidal  cataract,  212 


Qdinine,  eye  symptoms  from,  420 
pupil,  132 


'  Eainbow  '  colours  in  glaucoma, 
256 

Kange  of  accommodation,  368 
Bed  reflex,  17,  28 
Beflex,  amblyopia,  196 

corneal,  19 

lens,  11 

light,  10 

pupillary,  10,  127 
sensory,  11 
Eefraction  of  eye,  362 
ametropia,  366 
anisometropia,  403 
astigmatism,  395 
dynamic,  367 

estimation,  374 
emmetropia,  366 
errors,  378 
estimation,  370 
estimation  by  ophthal- 
moscope, 21, 377 
by  retinoscopy,  374 
hypermetropia,  378 
myopia,  385 
normal,  366 
static,  365 

estimation,  370 
Regular  astigmatism,  396 
Regulations,  vision  for  Govern- 
ment services,  445 
Renal  disease,  eye  symptoms,  416 
Respiratory  diseases,  eye  sym- 
ptoms, 415 
Retina,  anatomy,  161 

blood-vessels,  26,  162 
carcinoma,  179 
concussion,  180 
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Eetina,  congenital  variations,  163 
corresponding  parts,  103 
cletacliment,  176,  19 
diseases,  161 

embolism  of  central  artery, 
165 

functional  night-blindness, 

175 
glioma,  179 
hffimorrliageB,  167 
inflammation,  161) 
injuries,  180 
ischfemia,  165 
layers,  161 
light  changes,  176 
occlusion  of  central  artery, 

165 

opaque  nerve  fibres,  164 
ophthalmoscopic  appear- 
ances, 28 
physiology,  163 
pigmentation,  164 
pulsation  of  vessels,  165 
region  of  distinct  vision, 

163 
sclerosis,  170 
'  shot-silk '  appearance,  28 
syphilis,  174 

thrombosis  of  central  vein, 

167 
tumours,  179 
vascular  changes,  165 
■white  spots  and  patches, 

165 

yeUow  spot,  28,  162 
Retinitis,  169 

albuminuric,  171 
bright  light,  176 
circinate,  174 
diabetic,  173 
diagnosis,  170 
gravidic,  173 
ha^morrhagic,  174 
leuka'mic,  173 
pathology,  170 
pigmentosa,  170 
]Droliferans,  253 
purulent,  175 
signs,  169 
symptoms,  169 


Retinitis,  syphilitic,  174 

treatment,  170 
Retinoscopy,  18,  375 
Retro-ocular  neuritis,  189 
acute,  189 
characteristics,  189 
chronic,  191 
Rheumatic  iritis.  111 

ophthalmia,  100 
Rheumatism,  eye  d:seases,  412 
Ripening  cataract  operation,  225 
Rodent  ulcer,  eyelids,  292 
Rontgen  rays,  320 
Rotation  of  eye,  centre  of,  346 
Rules  for  operating,  433 
Rupture  of  choroid,  149 

iris,  123 

retina,  180 

sclerotic,  104 


Salmon-patch,  86 
Sarcoma,  choroid,  147 

ciliary  body,  139 

conjunctiva,  67 

eyelids,  292 

iris,  116 

lachrymal  gland,  27<i 

orbit,  317 

uveal  tract,  159 
Scalds  of  conjunctiva,  68 
cornea,  96 
sclerotic,  140 
Scarlet  fever,  eye  disease,  411 
Scintillating  scotoma,  201 
Scleral  punctures,  104,  271 

ring,  26 
Scleritis,  98,  100 
Sclero-corneal  wounds,  105 
Sclerosis  of  retina,  170 
Sclerotic,  anatomy,  97 

bulgings,  101 

burns  and  scalds,  104 

congenital  affections,  98 

diseases,  97 

examination,  8 

general  expansion,  103 

inflammation,  98 

injuries,  104 

operations,  103 
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Sclerotic,   perforating  wounds, 
104 

rupture,  104 

staphyloma,  101 
Sclerotomy,  103,  271 
Scopolamine,  424 
Scotoma,  33 

absolute,  33 

central,  33,  3G,  191 

relative,  331 

scintillating,  201 
Scurvy,  eye  disease,  412 
Secondary  cataract,  213 

deviation,  338,  340 

glaucoma,  272 

operations  for  cataract,  240 
Senile  cataract,  207 

choroiditis,  147 

changes  in  accommoda- 
tion, 369, 404 
choroid,  147 
lens,  207 
Sensory  pupillary  reflex,  128,  11 
Septicreraia,  eye  diseases,  411 
Serous  iritis,  137 
Serpiginous  ulcer,  7(i 
Setons,  431 

Sexual  organs,  eye  diseases,  41() 
Shades,  444 
Shadow  test,  374 
Short  sight  (see  Myopia) 
Shot-proof  spectacles,  443 
Sight,  acuteness,  29 

after  cataract  operations, 
237 

field,  32 

for  colours,  33 

tests  for,  31,  370 
Silver  staining  of  conjunctiva,  67 
Simulated  amblyopia,  197 
Skiascopy,  374 
Slitting  the  canaliculi,  278 
Smallpox,  eye  diseases,  411 
Smoked  glasses,  443 
Snellen's  coloured  letters,  198 

test  types,  29 
Snow  bhndness,  175 
Soft  cataract,  20() 
Solution  of  cataract,  214 
Sparkling  synchjsis,  251 


Spasm  of  accommodation,  409 

Spectacle  lenses,  441 

Spectacles,  anisometropia,  403 
astigmatism,  401 
hypermetropia,  382 
myopia,  392 
presbyopia,  406 

Spencer  Watson's  operation,  301 

Spherical  lenses,  439 

Spinal  cord  disease,  eye  sym- 
ptoms, 417 

Spots  in  front  of  eye,  249 

Spring  conjunctivitis,  62 

Squint  (see  Strabismus) 

Staining  of  conjunctiva,  67 

Staphyloma,    anterior,  scleral, 
101 

corneal,  57,  78,  91 
posterior,  102,  389 

Steuopaic  slits,  440,  398 
spectacles,  442 

Stereoscope,   method  of  using, 
444 

Strabismus,  336 

ailternating,  349 . 
apparent,  365 
concomitant,  348 
constant,  349 
convergent  concomitant, 
348 

detection  of,  338 
diplopia  in,  336 
divergent  concomitant, 
353 

estimation,  338 

fixed,  349 

fixing  eye,  337 

operations,  355 

paralytic,  340 

periodic,  349 

primary  deviation,  337 

secondary  deviation,  338 

squinting  eye,  337 
Strychnine  pupil,  132 
Stye,  288 

Style,  lachrymal,  282 
Subconjunctival  dislocation  lens, 
241 

hmmorrhage,  319 
Subhyaloid  hremorrhage,  168 


468        OPHTHALMIC  SUEGERY  AND  MEDICINE 


Subjective  examination  of  eye, 
2,  29 

Suction  of  cataract,  218 
Superior  oblique,  paralysis,  344 

rectus,  paralysis,  343 
Suppression  of  image,  354 
Suppuration,  vitreous,  253 
Symblepharon,  305 
Sympathetic  inflammation,  153 
irritation,  153,  156 
nerve,  irritation,  418 

paralysis,  418 
ophthalmitis,  153 
causation,  155 
course,  154 
latent  period,  154 
prognosis,  156 
signs,  154 
treatment,  157 
uveitis,  153 
Sympathising  eye,  153 
Synchisis,  250 

scintillans,  251 
Synechia,  annular,  113 
anterior,  78 
posterior,  110 
Syphilis,  choroid,  144 
conjunctiva,  66 
eye  diseases,  414 
eyelids,  290 

hereditary  choroiditis,  145 

eye  diseases,  414 

iritis,  111 

keratitis,  87 

signs  of,  88 

teeth,  88 
iris.  111,  116 
iritis.  111 
keratitis,  87 
ocular  paralysis,  345 
optic  atrophy,  193 

neuritis,  187 
orbit,  312,  316 
retina,  174 
Syringes,  cataract,  219 


Tabsal  conjunctiva,  40 

cyst,'  290 
Tarsoraphy,  297 


Tarsoraphy  in  Graves'  disease. 
413 
:  Tarsus,  285 
'<  Tattooing  cornea,  84 

Tear  passages,  275 
I  Teeth,  eye  diseases,  415 

in  lamellar  cataract,  212 
syphilitic,  88 
Teichopsia,  201 
Temporal  hemianopsia,  199 
Tenon's  capsule,  328 
Tenotomy,  external  rectus,  357 

internal  rectus,  355 
Tension  of  the  eyeball,  estima- 
tion, 5 
cyclitis,  137 
diminished,  6 
glaucoma,  258 
increased,  6 

intra-ocular  tumours,  160 

iritis,  110 

measurement,  6 
Testing  malingering,  197 

vision,  31,  370 

binocular,  331 
Test-types,  distant,  29 

near,  30 
Thermo-cautery,  80,  430 
Third  nerve,  paralysis,  344 
Thrombosis  of  cavernous  sinus 
310 

central  retinal  vein,  167 
retinal  artery,  166 

Tinea  tarsi,  286 

Tinted  glasses,  443 

Tobacco,  eye  symptoms  from 
420 

Tonometer,  6 

Toxic  amblyopia,  191 

Trachoma,  53 

Transplantation  of  lashes,  301 
Traumatic  cataract,  210 

cycloplegia,  408 

iritis,  112 

mydriasis,  123 

ptosis,  293 
Trial  case,  440 

frames,  440 
Trichiasis,  297 
I  Tubercle,  choroid,  146 
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Tubercle,  conjunctiva,  66 

eyelids,  290 

eye  symptoms,  414 

iris,  116 

orbit,  312,  316 
Tumours,  choroid,  147 

ciliary  body,  139 

conjunctiva,  65 

cornea,  94 

eye  diseases  in  cerebral, 

416 
eyelids,  290 
iris,  116 

lachrymal  gland,  276 
optic  nerve,  194 
orbital,  315 
retina,  179 


Ulcees  of  cornea,  74 

lids,  lupous,  290 

rodent,  292 
Unequal  refraction  of  the  two 

eyes,  403 
Upper  lid,  to  evert,  3 
Urtemia,  196 

amaurosis,  416 
Urinary  system,  eye  diseases,  416 
Uveal  tract,  diseases,  151 

inflammation,  151 

sarcoma,  159 
Uveitis,  151 

plastic,  157 

purulent,  157 

sympathetic,  153 


V  Y  operation,  ectropion,  303 
Vaccinia,  411 

Van  Millingen's  operation,  301 
Veins,  episcleral,  8 

retinal,  27 
Vienna  paste,  431 
Vision  acuteness,  29 

binocular,  331 

colour,  36,  444 

coloured,  200 


Vision,  estimation  of,  31,  32 

field  of,  32 

finger  test,  32 

formula,  30,  31 

testing,  31,  370 
Visual  angle,  30 

axis,  365 

fibres,  181 
Vitreous  chamber,  examination, 
21 

cholesterine  in,  251 
congenital  abnormalities, 
249 

connective  tissue,  253 
detachment,  253 
diseases,  249 

dislocation  of  lens  into, 
241 

fibrous  membranes  in,  249 
fluid,  246 

foreign  bodies,  253 
hemorrhage,  252 
muscas  volitantes,  249 
new  blood-vessels,  252 
opacities,  250,  19 
suppuration,  253 
synchisis,  250 


Watery  eye,  277 
Whooping  cough,  eye  diseases, 
415 

Wire  optometer,  31 
Wounds  (see  Injuries) 


Xanthelasma  palpebrarum,  304 
Xerosis  of  conjunctiva,  64 
Xerotic  keratitis,  90 


Yellow  spot  (see  Macula  lutea) 


Zone,  circumcorneal,  8 
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logical Anatomy  to  St.  Bartholomew's  Hospital.  Fcap.  8vo,  with 
111  Engravings,  88.  6d. 

A  Manual  of  Clinical  and  Practical  Pathology. 

By  W.  E.  Wynteh,  M.D.,  M.E.C.P.,  Assistant  Physician  to  the 
Middlesex  Hospital,  and  P.  J.  Wethered,  M.D.,  P.E.C.P.,  Assistant 
Physician  to  the  Consumption  Hospital,  Brompton.  With  4  Coloured 
Plates  and  67  Engravings.    8vo,  12s.  6d. 

General  Pathology  (an  Introduction  to).  By 

John  Bland  Sutton,  P.E.C.S.,  Assistant  Surgeon  to,  and  Lecturer  on 
Anatomy  at,  Middlesex  Hospital.    8vo,  with  149  Engravings,  14b. 

The  Pathologist's  Handbook  :  a    Manual  for 

the  Post-mortem  Eoom.  By  T.  N.  Kelynack,  M.D.,  late  Demonstrator 
in  Morbid  Anatomy,  Owens  College,  Manchester.  With  126  Illus- 
trations, fcap.  8vo,  pegamoid,  4s.  6d. 

Atlas  of  the  Central  Nervous  System.  From 

the  larger  work  of  Hirschteld  and  Leveille.  Edited  by  Howard  H. 
Tooth,  M.D.,  P.E.C.P.,  Assistant  Physician  to  the  National  Hos- 
pital for  the  Paralysed  and  Epileptic.  With  37  Plates  carefully 
coloured  by  Hand.    Large  Imp.  8vo,  40s. 

The  Human  Brain:  Histological  and  Coarse 

Methods  of  Eesearch.  By  W.  Bevan  Lewis,  L.E.C.P.  Lond. ,  Medical 
Superintendent,  West  Eiding  Lunatic  Asylum.  8vo,  with  Wood  Jin- 
gravings  and  Photographs,  8a. 

A  Contribution  to  the  History  of  the  Respira- 
tion of  Man  :  being  the  Croonian  Lectures  delivered  before  the  Eoyal 
College  of  Physicians  in  1895,  with  supplementary  considerations  of 
the  methods  of  inquiry  and  analytical  results.  By  William  Mabokt, 
M.D.,  P.E.C.P.,  F.E.S.    With  Diagrams.    Imp.  8vo,  5s.  6d. 
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The  Physiology   and  the   Pathology   of  the 

Cerebral  Circulation:  au  Bxperimeutal  Kesearch.  By  Lkonaed 
HiiL,  M.D.,  Huateriau  Professor,  K.C.S.  With  41  lUustratious. 
Koj'al  8vo,  12s. 

Elements  of  Human  Physiology.    By  Ernest 

H.  Staeling,  M.D.,  F.B.C.P.,  P.R.S.,  Jodrell  Professor  of  Physiology 
m  University  College,  London.    Fourth  Edition,  much  eularced 
with  317  Illustrations   8vo,  12s.  6d.  ' 

Manual  of  Physiology :   for  the  Use  of  Junior 

Students  of  Medicine.  By  Gebald  F.  Ybo,  M.D.,  F.R.S  Third 
Edition.    Crown  8vo,  with  254  Engravings  and  Plate  of  Spectra,  14s. 

Elementary   Practical   Physiology,  including 

Histology,  Chemical  and  Experimental  Physiology.  By  de  Buegh 
Birch,  M.D.,  F.R.S.E.,  Professor  of  Physiology  in  the  Yorkshire 
College  of  the  Victoria  University.  With  62  Engravings.  Crown 
8vo,  tis.  6d. 

Practical  Lessons  in  Elementary  Biology,  for 

Junior  Students.  By  Peyton  T,  B.  Bealb,  F.E.C.S.,  Lecturer  on 
Elementary  Biology  and  Demonstrator  in  Physiology  in  King's 
College,  London.    Crown  8vo,  3s.  6d. 

Medical  Jurisprudence :    its    Principles  and 

Practice.  By  Ali;ked  S.  Taylok,  M.D.,  F.R.C.P.,  P.E.S.  Fourth 
Edition,  by  Thomas  Stevenson,  M.D.,  P.E.C.P.,  Lecturer  on  Medical 
Jurisprudence  at  Guy's  Hospital.   2  vols.  8vo,  with  189  Engravings, 

Lectures  on  Medical  Jurisprudence  and  Toxi- 
cology. By  Peed.  J.  Smith,  M.D.,  F.R.C.P.,  Lecturer  on  Forensic 
Medicine  and  Toxicology  at  the  London  Hospital.   Crown  8vo,  Ts.  6d. 

The  Theory  and  Practice  ot  Hygiene.    By  J. 

Lane  Nottee.  M.D.,  Examiner  in  Hygiene  and  Public  Health  in  the 
University  of  Cambridge  and  the  English  Conjoint  Board,  Professor 
M  ^^^t5''«^  "\  ^I"^^  Medical  School ;  and  W.  H.  Hobrocks. 
^oh^'i  c  •  ■'^^'ifi?''!*  I^rofessor  of  Hygiene  in  the  Army  Medical 
School.  Second  Edition.  With  15  Plates  and  134  other  Illustra- 
tions.  Royal  8vo,  2os. 

A  Manual  of  Practical  Hygiene.    By  the  late 

^"m  ■  ^-^-^^  ^m\on,  by  J.  LANE  NOTTEB 

A.M.,  M.D  ,  Professor  of  Hygiene  in  the  Army  Medical  School. 
8vo,  with  10  Plates  and  103  Engravings,  18s. 

A  Handbook  of  Hygiene  and  Sanitary  Science. 

n^n?^°-f^w'''?fv^  ^I'-D-  D.P.H.    Camb.  Medical 

Officer  of  Health  for  Mid- Warwickshire.    Eighth  Edition  Post 
8vo,  with  Engravings,  128.  6d. 
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Hygiene  and  Public  Health :   a  Treatise  by 

various  Authors.  Edited  by  Thomas  Stevenson,  M.D.,  and 
SHiELBy  F.  MuKPHY.  lu  3  vols.,  royal  8vo,  fuUy  Illustrated.  Vol.1., 
28b.  ;  Vol.  II.,  32s. ;  Vol.  III.,  20s. 

A  Simple  Method  of  Water  Analysis,  especially 

designed  for  the  use  of  Medical  Officers  of  Health.  By  John  C. 
Thresh,  M.D.Vic. ,  D.Sc.  Lond.,  D.P.H.  Camb.  Second  Edition, 
enlarged.    Fcap.  8vo,  2s.  tid. 

Elements  of  Health :  an  Introduction  to  the 

study  of  Hygiene.  By  Louis  C.  Parkes,  M.D.,  D.P.H.  Lond., 
Medical  Officer  of  Health  for  Chelsea,  Lecturer  on  Public  Health  at 
St.  George's  Hospital.    Post  8vo,  with  27  Engravings,  3s.  6d. 

Diet    and    Food  considered    in    relation  to 

strength  and  Power  of  Endurance,  Training  and  Athletics.  By 
Alexander  Haig,  M.D.,  P. R. CP.   Second  Edition.   Crown  8vo,  2b. 

The  Prevention  of  Epidemics  and  the  Con- 
struction and  Management  of  Isolation  Hospitals.  By  EoGBB 
McNeill,  M.D.  Edin,,  D.P.H.  Camb.,  Medical  Officer  of  Health  for 
the  County  of  Argyll.   8vo,  with  several  Hospital  Plans,  lOs.  6d. 

Effects  of  Borax  and  Boracic  Acid  on  the 

Human  System.  By  Dr.  Oscar  Liebrbich,  Professor  in  the  Uni- 
versity of  Berlin.   With  Plates,  post  4to,  2s. 

A  Manual  of  Bacteriology,  Clinical  and  Ap- 
plied. With  an  Appendix  on  Bacterial  Remedies,  &c.  By  Richard 
T.  Hewlett,  M.D.,  M.R.C.P.,  D.P.H.  Lond.,  Assistant  in  the 
Bacteriological  Department,  Jenner  Institute  of  Preventive  Medicine. 
With  75  Illustrations,  post  8vo,  10s.  6d. 

Hospitals  and  Asylums  of  the  World:  their 

Origin,  History,  Construction,  Administration,  Management,  and 
Legislation.  By  Sir  H.  C.  Bukdett,  K.O.B.  4  vols.,  royal  8vo,  and 
Portfolio.  Complete,  168s.  net.  Vols.  I.  and  II.— Asylums,  90s.  net. 
Vols.  III.  and  IV.— Hospitals,  with  Plans  and  Portfolio,  120s.  net. 

Mental  Diseases:  Clinical  Lectures.    By  T.  S. 

Clouston,  M.D.,  F.R.C.P.  Edin.,  Lecturer  on  Mental  Diseases  in  the 
University  of  Edinburgh.  Fifth  Edition.  Cr.  8vo,  with  19  Plates,  14s. 

The  Insane  and  the  Law  :  a  Plain  Guide  for 

Medical  Men,  Solicitors,  and  Others  as  to  the  Detention  and  Treat- 
ment, Maintenance,  Responsibility,  and  Capacity  either  to  give 
evidence  or  make  a  will  of  Persons  Mentally  Afflicted.  With  Hints  to 
Medical  Witnesses  and  to  Cross-Examining  Counsel.  By  G.  Pitt- 
Lkwis,  Q.C.,  R.  Percy  Smith,  M.D.,  F.R.C.P.  and  J.  A.  Hawkb, 
B.A.,  Barrister-at-Law.  8vo,  148. 
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A  Text-Book  on  Mental  Diseases  for  Students 

and  Practitioners  of  Medicine.  By  Thkodork  H.  Kellogg,  M.D., 
late  Medical  Superintendent  of  Willard  State  Hospital,  U.S.A.  Witb 
Illustrations,  8vo,  25s. 

A  Dictionary  of  Psychological  Medicine,  giving 

the  Definition,  Etymology,  and  Synonyms  of  the  Terms  used  in 
Medical  Psychology ;  with  the  Symptoms,  Treatment,  and  Patho- 
logy of  Insanity ;  and  Thb  Law  of  Lxtnacy  in  Grbat  Britain  and 
Ireland.  Edited  by  D.  Hack  Turns,  M.D.,  LL.D.,  assisted  by 
nearly  130  Contributors,  British,  Continental  and  American.  2  vols., 
1,500  pages,  royal  8vo,  Illustrated,  '12s. 

Mental  Physiology,  especially  in  its  Relation 

to  Mental  Disorders.  ByTHKO.  B.  Hyslop,  M.D.,  Resident  Physician 
and  Medical  Superintendent  at  Bethlem  Royal  Hospital,  Lecturer  on 
Mental  Diseases  in  St,  Mary's  Hospital  Medical  School.   8vo,  18s. 

The  Mental  Affections  of  Children :  Idiocy, 

Imbecility,  and  Insanity.  By  Wm.  W.  Ireland,  M.D.  Bdin., 
formerly  Medical  Superintendent  of  the  Scottish  Institution  for  the 
Education  of  Imbecile  Children.  Second  Edition.  With  21  Plates, 
8vo,  148. 

Mental   Affections  of  Childhood  and  Youth 

(Lettsomian  Lectures  for  1887,  etc.).  By  J.  Langdon-Down,  M.D., 
P.R.C.P.,  Consulting  Physician  to  the  London  Hospital.   8vo,  6s. 

The  Journal  of  Mental   Science.  Published 

Quarterly,  by  Authority  of  the  Medico-Psychological  Association. 
8vo,  58. 

Manual  of  Midwifery,  including  all  that  is 

likely  to  be  required  by  Students  and  Practitioners.  By  Alfred  L. 
Galabin,  M.A.,  M.D.,  P.R.O.P.,  Obstetric  Physician  and  Lecturer 
on  Midwifery  and  Diseases  of  Women  to  Guy's  Hospital.  Fifth 
Edition.    Post  8vo,  with  298  Engravings,  15s. 

The  Practice  of  Midwifery :  a  Guide  for  Prac- 
titioners and  Students.  By  D.  Lloyd  Roberts,  M.D.,  P.B.C.P., 
Lecturer  on  Clinical  Midwifery  and  Diseases  of  Women  at  the  Owens 
College  ;  Consulting  Obstetric  Physician  to  the  Manchester  Royal 
Infirmary.  Fourth  Edition.  Pcap.  8vo,  with  Coloured  Plates  and 
Wood  (226)  Engravings,  IDs.  6d. 

A  Short  Practice  of  Midwifery,  embodying  the 

Treatment  adopted  in  the  Rotunda  Hospital,  Dublin.  By  Hknhy 
Jellktt,  M.D.,  B.A.O.  Dub.,  late  Assistant  Master,  Rotunda  Hospital. 
Second  Edition.  With  57  Illustrations.   Crown  8vo,  6s. 
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Obstetric  Aphorisms :  for  the  Use  of  Students 

commencing  Midwifery  Practice.  By  Joseph  G.  Swaynk,  M.D., 
Lecturer  on  Midwifery  in  the  Bristol  Medical  School.  Tenth  Edition! 
Pcap.  8vo,  with  20  Engravings.   .38.  6d. 

Economics,  Anaesthetics,  and  Antiseptics  in 

the  Practice  of  Midwifery.  By  Haydn  Brown,  L.R.C.P.,  L.E.C.S. 
Bdin.   Pcap.  8vo,  2s.  6d. 

Lectures  on  Obstetric  Operations:  including 

the  Treatment  of  Haemorrhage,  and  forming  a  Guide  to  the  Manage- 
ment of  Difficult  Labour.  By  Robert  Bahne.s,  M.D.,  F.R.O.P., 
Consulting  Obstetric  Physician  to  St.  George's  Hospital.  Fourth 
Edition.    8vo,  with  121  Engravings,  12s.  6d; 

By  the  same  Author. 

A  Clinical  History  of  Medical  and  Surgical 

Diseases  of  Women.    Second  Edition.   8vo,  with  181  Engravings,  286. 

Gynaecological     Operations    (Handbook  of). 

By  Alban  H.  G.  Doran,  P.R.C.S.,  Surgeon  to  the  Samaritan  Hospital. 
8vo,  with  167  Engravings,  ISs. 

Diseases  of  Women.  (Student's  Guide  Series.) 

By  Alfred  L.  Galabin,  M.A.,  M.D„  F.R.C.P.,  Obstetric  Phy- 
sician to,  and  Lecturer  on  Midwifery  and  Diseases  of  Women  at, 
Guy's  Hospital.  Fifth  Edition.  Pcap.  8vo.  with  142  Engravings,  8s.  6d. 

A  Short  Practice  of  Gynaecology.    By  Henry 

Jhllett,  M.D.,  B.A.O.  Dub.,  late  Assistant  Master,  Rotunda 
Hospital,  Dublin   With  1.35  Illustrations,  crown  8vo,  7s.  6d. 

Manual  of  the  Diseases  peculiar  to  Women. 

By  James  Oliver,  M.D.,  F.R.S.E.,  M.R.C.P.,  Physician  to  the 
Hospital  for  Diseases  of  Women,  London.    Pcap.  8vo,  .3s.  6d. 
By  the  same  Author. 

Abdominal  Tumours  and  Abdominal  Dropsy 

in  Women.    Crown  Svo,  73.  6d. 

Sterility.    By  Egbert  Bell,  M.D.,  F.F.P.  &  S.  Glasg., 

Senior  Physician  to  the  Glasgow  Hospital  for  Diseases  peculiar  to 
Women.   Svo,  Ss. 

A  First  Series  of  Fifty-four  Consecutive  Ovario- 
tomies, with  Fifty-three  Recoveries.  By  A.  C.  Butlkr-Smythe, 
P.R.C.P.  Bdin.,  Surgeon  to  the  Samaritan  Free  Hospital,  Senior 
Surgeon  to  the  Groavenor  Hospital  for  Women  and  Children.  8vo, 
6s.  6d. 
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A  Manual  for  Hospital  Nurses  and  others  en- 
gaged in  Attending  on  the  Sick.  By  B.  J.  Domville,  Surgeon  to 
the  Devon  and  Exeter  Hospital.    Eighth  Edition.    Crown  8vo,  2s.  6d. 

A    Short     Manual     for    Monthly  Nurses. 

By  Charles  J.  Cuxlingwohth,  M.D.,  P.R.C.P.,  Obstetric  Physician 
to  St.  Thomas's  Hospital.  Revised  by  M.  A.  Atkinson.  Fourth 
Edition.    Fcap.  8vo,  Is.  6d. 

Notes  on  Gynaecological  Nursing.     By  John 

Benjamin  Hellikr,  M.D.,  Surgeon  to  the  Hospital  for  Women,  etc., 
Leeds.    Crown  8vo,  Is.  6d. 

Lectures  on  Medicine  to  Nurses.    By  Herbert 

E.  Cuff,  M.D.,  P.R.C.S.,  Medical  Superintendent,  North  Eastern 
Fever  Hospital,  London.  Third  Edition.  With  29  Illustrations. 
Crown  8vo,  38.  6d. 

Antiseptic  Principles  for  Nurses.    By  C.  E. 

Richmond,  F.R.C.S.   Fcap.  8vo,  Is. 

A  Practical  Treatise  on  Disease  in  Children. 

By  Eustace  Smith,  M.D.,  P.R.C.P.,  Physician  to  the  King  of  the 
Belgians,  and  to  the  East  London  Hospital  for  Children,  etc.  Second 
Edition.   8vo,  22s. 

By  the  same  Author. 

Clinical    Studies    of    Disease    in  Children. 

Second  Edition.   Post  8vo,  7s.  6d. 

Also. 

The    Wasting     Diseases     of    Infants  and 

Children.    Sixth  (cheap)  Edition.    Post  8vo,  6s. 

The    Diseases    of  Children.     By  James  F. 

GooDHART,  M.D.,  F.R.C.P.  Sixth  Edition,  with  the  assistance  of 
G.  F.  Still,  M.D.,  Medical  Registrar  to  the  Hospital  for  Sick 
Children,  Great  Ormond  Street.    Crown  8vo,  10s.  6d. 

On  the  Natural  and  Artificial  Methods  of  Feed- 
ing Infants  and  Young  Children.  By  Edmund  Cautlet,  M.D., 
Physician  to  the  Belgrave  Hospital  for  Children.    Crown  8vo,  7s.  6d. 

Materia    Medica,    Pharmacy,  Pharmacology, 

and  Therapeutics.  By  W.  Hale  White,  M.D.,  F.R.C.P.,  Physician 
to,  and  Lecturer  on  Pharmacology  and  Therapeutics  at,  Guy's 
Hospital.  Fifth  Edition,  based  upon  the  B.P.  of  1898.  Fcap.  8vo. 
78.  6d. 

Southall's   Organic   Materia   Medica.  Sixth 

Edition,  adapted  to  the  B.P.  of  1898.  Edited  by  John  Barclay, 
B.Sc.  Lond.    Crown  8vo,  7s.  6d. 
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An    Introduction   to  the  Study  of  Materia 

Medica  designed  for  Students  of  Pharmacy  and  Medicine  Bv 
P.™?-  ^-^-S-'  Professor  of  Materia  Medica  and 

8vo!  15^^  Pharmaceutical  Society.   Witlj  213  Illustrations, 

Materia  Medica  and  Therapeutics.   By  Charles 

D.  P.  Phillips,  M.D.,  LL.D.,  P.R.S.  Bdin. 

Vegetable  Kingdom— Organic  Compounds-Animal  Kingdom  8vo  258 
Inorganic  Substances.   Second  Edition.   8vo,  21s. 

Practical    Pharmacy:    an    Account    of  the 

Methods  of  Manufacturing  and  Dispensing  Pharmaceutical  Prepara- 
tions ;  with  a  chapter  on  the  Analysis  of  Urine.  By  E.  W.  Lucas, 
F.C.S.,  Examiner  at  the  Pharmaceutical  Society.  With  283  IlluBtra- 
tions.   Eoy.  Svo,  12s.  6d. 

Galenic  Pharmacy:  a  Practical  Handbook  to 

the  Processes  of  the  British  Pharmacopoeia.  By  R.  A  Cripps,  M.P.S. 
Svo,  with  76  Engravings,  8s.  6d. 

Practical  Pharmacy.    By  Barnard  S.  Proctor. 

Third  Edition.  Svo,  with  Engravings  and  Pac-simile  Prescriptions,  14s. 

The  Galenical   Preparations   of  the  British 

Pharmacopoeia  :  a  Handbook  for  Medical  and  Pharmaceutical  Students. 
By  0.  O.  Hawthorne,  M.D.,  CM.,  late  Lecturer  on  Materia  Medica 
and  Therapeutics,  Queen  Margaret's  College,  Glasgow.    Svo,  4s.  6d. 

The  Pharmaceutical  Formulary  :  a  Synopsis 

of  the  British  and  Poreign  Pharmacopoeias.   By  Henry  Bkaslby. 
Twelfth  Edition  by  J.  Oldham  Braithwaite    18mo,  6s.  6d. 
By  the  same  Author. 

The  Druggist's  General  Receipt-Book.  Tenth 

Edition.    ISmo,  6s.  6d. 

Also. 

The  Book  of  Prescriptions  :  containing  upwards 

of  3,000  Prescriptions  collected  from  the  Practice  of  the  most  eminent 
Physicians  and  Surgeons,  English  and  Poreign.  Seventh  Edition, 
18mo,  6s.  6d. 

A  Companion  to  the  British  Pharmacopoeia. 

By  Peter  Squire.  Revised  y  Peter  Wyatt  Squire.  P.L.S.,  F.C.S. 
Seventeenth  Edition.  Svo,  12s.  6d. 

By  the  same  Authors. 

The  Pharmacopoeias  of  thirty  of  the  London 

Hospitals,  arranged  in  Groups  for  Comparison.  Seventh  Edition. 
Fcap.  Svo,  6s. 
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Recent  Materia  Medica  and  Drugs  occasion- 
ally Prescribed.  Notes  on  their  Origin  and  Therapeutics.  By  P. 
Harwood  Lescher,  F.C.S.,  Pereira  Medallist.  Fifth  Edition.  8vo,  4s. 

Pereira's  Selecta    e   Prescriptis  :  containing 

Lists  of  Terms  used  in  Prescriptions,  with  Explanatory  Notes,  etc. 
Also,  a  Series  of  Abbreviated  Prescriptions  with  Translations. 
Eighteenth  Edition,  by  Joseph  Ince.   24mo,  as. 

Year-Book  of  Pharmacy:  containing  the  Trans- 
actions of  the  British  Pharmaceutical  conference.  Annually.  8vo,  10s. 

Manual  of  Botany,  in  two  Vols.,  crown  8vo. 

By  J.  Bkynolbs  Green,  Sc.D.,  M.A.,  F.R.S.,  Professor  of  Botany  to 
the  Pharmaceutical  Society. 

Vol.  I. :  Morphology  and  Anatomy,  with  788  Engravings.  Second 
Edition.    7s.  6d. 

Vol.  II. :  Classification  and  Physiology,  with  417  Engravings,  10s. 
By  the  same  Author. 

An    Introduction   to  Vegetable  Physiology. 

With  184  Illustrations,  8vo,  10s.  6d. 

The  Student's  Guide  to  Systematic  Botany, 

including  the  Classification  of  Plants  and  Descriptive  Botany.  By 
Robert  Bentley,  late  Emeritus  Professor  of  Botany  in  King's 
College  and  to  the  Pharmaceutical  Society.  Fcap.  8vo,  with  350 
Engravings,  .38.  6d. 

Medicinal    Plants :   being  Descriptions  with 

original  figures,  of  the  Principal  Plants  employed  in  Medicine,  and 
an  account  of  tlieir  Properties  and  Uses.  By  Prof.  Bentley  and  l3r. 
H.  Trimen,  F.E.S.  In  4  vols.,  large  8vo,  with  306  Coloured  Plates, 
bound  in  Half  Morocco,  Gilt  Edges,  £11  lis. 

Therapeutic  Electricity  and  Practical  Muscle 

Testing.  By  W.  S.  Hedley,  M.D„  in  charge  of  the  Electro-thera- 
peutic Department  of  the  London  Hospital.  With  110  Illustrations. 
Hoy.  8vo,  8s.  6d. 

Practical     Therapeutics :     a    Manual.  By 

Edward  J.  Waring,  C.I.B.,  M.D.,  F.R.C.P.,  and  Dudley  W. 
Buxton,  M.D.,  B.S.  Lond.   Fourth  Edition.   Crown  8vo,  14s. 

By  the  same  Author. 

Bazaar  Medicines    of   India,   and  Common 

Medical  Plants.  With  Full  Index  of  Diseases,  indicating  their  Treat- 
ment by  these  and  other  Agents  procurable  throughout  India,  etc. 
Fifth  Edition.   Fcap.  8vo,  5s. 
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Climate  and  Fevers  of  India,  with  a  Series 

of  Cases  (Croonfan  Lectures,  1882).  By  Sir  Joseph  Faykkb, 
K.C.S.I,,  M.D.   8vo,  with  17  Temperature  Charts,  12s. 

Psilosis  or  "Sprue":  its  Nature  and  Treat- 
ment ;  with  Observations  on  various  Forms  of  Diarrhoea  acquired  in 
the  Tropics.  By  George  Thin,  M.D.  Second  and  Enlarged  Edition, 
with  Illustrations.   8vo,  10s. 

A  Manual  of  Family  Medicine  and  Hygiene 

for  India.  Published  under  the  Authority  of  the  Government  of 
India.  By  Sir  William  J.  Moore,  K.C.I.B.,  M.D.,  late  Surgeon- 
General  with  the  Government  of  Bombay.  Sixth  Edition.  Post  8vo, 
with  71  Engravings,  12s. 

By  the  same  Author. 

A  Manual  of  the  Diseases  of  India  :  with  a 

Compendium  of  Diseases  generally.  Second  Edition.  Post  8vo, 
lOs. 

The  Prevention  of  Disease  in  Tropical  and 

Sub-Tropical  Campaigns.  (Parkes  Memorial  Prize  for  1886.)  By 
Lieut.-Col.  Andrew  Duncan,  M.D.,  B.S.  Lond.,  F.E.C.S.,  H.M. 
Indian  Medical  Service.   8vo,  126.  6d. 

A  Commentary  on  the  Diseases  of  India.  By 

Norman  Chevers,  CI.B.,  M.D.,  F.R.C.S.,  Deputy  Surgeon-General 
H.M.  Indian  Army.   8vo,  24s. 

Hooper's  Physicians'  Vade-Mecum  :  a  Manual 

of  the  Principles  and  Practice  of  Physic.  Tenth  Edition.  By  W.  A. 
Guy,  F.E.C.P.,  P.R.S.,  and  J.  Harlet,  M.D.,  P.E.C.P.  With  118 
Engravings.   Fcap.  8vo,  12s.  6d. 

The    Principles    and    Practice  of  Medicine. 

(Text-book.)  By  the  late  C.  Hilton  Faggb,  M.D.,  and  P.  H. 
Pye-Smith,  M.D.,  F.R.S.,  F.E.C.P.,  Physician  to,  and  Lecturer  on 
Medicine  at,  Guy's  Hospital.  Third  Edition.  2  vols.  8vo,  cloth,  40s. ; 
Half  Leather,  46s. 

Manual   of  the    Practice  of  Medicine.  By 

Frederick  Taylor,  M.D.,  F.R.C.P.,  Physician  to,  and  Lecturer 
on  Medicine  at,  Guy's  Hospital.  Fifth  Edition.  Post  8vo  with 
Engravings,  16s. 
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A    Dictionary   of  Practical    Medicine.  By 

various  writers.  Edited  by  Jas.  Kingston  Powlek,  M.A.,  M.D  , 
P.R.O.P.,  Physician  to  Middlesex  Hospital  and  the  Hospital  for  Con- 
sumption.  8vo,  cloth,  21s. ;  half  calf,  253. 

The  Practice  of  Medicine.    By  M.  Charteris 

M.D  Professor  of  Therapeutics  and  Materia  Medica  in  the  Uni- 
M.B.,  Ch.  B.  Crown  8vo,  with  Engravings  on  Copper  and  Wood,  10s. 

A  Text-Book  of  Bacteriology  for  Students  and 

Practitioners  of  Medicine.   By  G.  M.  Sternberg,  M.D.  Surgeon- 
General,  U.S.  Army.    With  9  Plates  and  200  Figures  in  the  Text 
8vo,  24s. 

How  to   Examine    the    Chest:    a  Practical 

Guide  for  the  use  of  Students.   By  Samuel  West,  M  D  FRCP 
Assistant  Physician  to  St.  Bartholomew's  Hospital.    Third  Edition' 
With  46  Engravings.    Fcap.  8vo,  5s. 

An  Atlas  of  the  Pathological  Anatomy  of  the 

Lungs.     By  the    late    Wilson    Fox,    M.D  ,   PES  FRCP 
Physician  to  H.M.  the  Queen.   With  45  Plates  (mostly  Coloured)  and 
Engravings.  4to,  half-bound  in  Calf,  70s. 

By  the  same  Author. 

A  Treatise  on  Diseases  of  the  Lungs  and 

Pleura.  Edited  by  Sidney  Coupland,  M.D.,  P.R.C.P.,  Physician  to 
Middlesex  Hospital  Roy.  8vo,  with  Engravings;  also  Portrait  and 
Memoir  of  the  Author,  .36s. 

The  Student's  Guide  to  Diseases  of  the  Chest 

«        ^^r..  TnP^^^°'  °^       ^^^^t,  Victoria  Park.  Fcap. 

8vo,  with  55  Illustrations  (some  Coloured),  7s.  6d. 

The   Schott  Methods  of  the"  Treatment  of 

fn  J'"'r.?''Tv.^'  °^       ^^^"^^  ^'^^  Of  the  Nauheim  Baths, 

MR  r  P    J  T^!".*'''  Exercises.   By  W.  Bezly  Thorne,  M.D. 
M.R.C.P.    Third  Edition.   8vo,  with  Illustrations,  6s. 

Guy's  Hospital  Reports.    By  the  Medical  and 

Surgical  Staff.   Vol.  XXXIX.   Third  Series.   8vo,  10s.  6d. 

St.  Thomas's  Hospital  Reports.  By  the  Medical 

and  Surgical  staff.   Vol.  XXVI.   New  Series.   Svo,  8s  6d 

Westmmster  Hospital  Reports.  By  the  Medical 

and  Surgical  Staff.   Vol.  XI    8vo,  8s.  y  "-"C  meoicai 
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Text-Book  of  Medical  Treatment  (Diseases 

and  Symptoms).  By  Nestor  I.  C.  Tikakd,  M.D.,  P.R.O.P.,  Pro- 
fessor of  the  Principles  and  Practice  of  Medicine,  King's  College, 
London.    8vo,  15s. 

Medical  Diagnosis.    (Student's  Guide  Series.) 

By  Samuel  Penwiok,  M.D.,  P.R.O.P.,  and  W.  Soltau  Fbnwick, 
M.D.,  B.S.   Eighth  Edition.   Crown  8vo,  with  135  Engravings,  9s. 

By  the  same  Authors, 

Outlines  of  Medical  Treatment.    Fourth  Edition. 

Crown  8vo,  with  35  Engravings,  10s. 

Also. 

Ulcer  of  the  Stomach  and  Duodenum.  With 

55  Illustrations.    Roy.  8vo,  lOs.  6d. 

Also,  by  Dr.  Samuel  Fen  wick. 

Clinical  Lectures  on  some  Obscure  Diseases 

of  the  Abdomen.  Delivered  at  the  London  Hospital.  8vo,  with 
Engravings,  7s.  6d. 

And 

The  Saliva  as  a  Test  for  Functional  Diseases 

of  the  Liver.   Crown  8vo,  23. 

The  Liver.    By  Lionel  S.  Beale,  M.B.,  F.R.S., 

Consulting  Physician  to  King's  College  Hospital.  With  24  Plates 
(85  Figures),  8vo,  5s. 

By  the  same  Author. 

On  Slight  Ailments  :  and  on  Treating  Disease. 

Fourth  Edition.   8vo,  5s. 

Myxcedema  and  the  Thyroid  Gland.    By  John 

D.  GiMLETTE,  M.R.C.S.,  L.R.O.P.   Crown  8vo.  5s. 

The  Blood :   how  to  Examine  and  Diagnose 

its  Diseases.  By  Axjfbbd  C.  Coles,  M.D.,  B.Sc.  With  6  Coloured 
Plates.   8vo,  10s.  6d. 

The  Physiology  of  the  Carbohydrates ;  their 

Application  as  Food  and  Relation  to  Diabetes.  By  P.  W.  Pavy,  M.D., 
LL.D.,  F.R.S.,  F.R.C.P.,  Consulting  Physician  to  Guy's  Hospital. 
Royal  8vo,  with  Plates  and  Engravings,  10s.  6d. 

Medical   Lectures   and   Essays.     By  Sir  G. 

Johnson,  M.D.,  F.R.C.P.,  F.R.S.,  Consulting  Physician  to  King's 
College  Hospital.   8vo,  with  46  Engravings,  25s. 

By  the  same  Author. 

An  Essay  on  Asphyxia  (Apnoea).    8vo,  3s. 
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Uric  Acid  as  a  Factor  in  the  Causation  of 

Disease.  By  Ai,exandkb  Haig,  M.D.,  F.E.C.P.  Physician  to  the 
Metropolitan  Hospital  and  the  Koyal  Hospital  for  Children  and 
Women.    Fifth  Edition.    8vo,  with  75  Illustrations,  I'ls. 

Bronchial  Asthma  :  its  Pathology  and  Treat- 
ment. By  J.  B.  Berkakt,  M.D.,  late  Physician  to  the  City  of 
London  Hospital  for  Diseases  of  the  Chest.  Second  Edition,  with  7 
Plates  (35  Figures).   8vo,  lOs.  6d. 

Treatment  of  Some  of  the  Forms  of  Valvular 

Disease  of  the  Heart.  By  A.  E.  Sansom,  M.D.,  F.R.C.P.,  Physician 
to  the  London  Hospital.  Second  Edition.  Fcap.  8vo,  with  26  Engrav- 
ings, 4s.  6d. 

Medical  Ophthalmoscopy:  a  Manual  and  Atlas. 

By  Sir  William  R.  aowEBS,  M.D.,  F.R.C.P.,  F.R.S.  Third  Edition. 
Edited  with  the  assistance  of  Marcus  Ounn,  M.B.,  F.R.C.S.,  Surgeon 
to  the  Royal  London  Ophthalmic  Hospital.  With  Coloured  Plates 
and  Woodcuts.   Svo,  16s. 

By  the  same  Author. 

A  Manual  of  Diseases  of  the  Nervous  System. 
YoL.  I.— Nerves  and  Spinal  Cord.  Third 

Edition,  by  the  Author   and  James  Taylor,  M.D.,  F.R.C.P 
Roy.  Svo,  with  192  Engravings,  los. 

Vol.  II. — Brain  and  Cranial  Nerves  :  General 

and  Functional  Diseases  of  the  Nervous  System.  Second  Edition. 
Roy.  Svo,  with  182  Engravings,  20s. 

Also. 

Clinical  Lectures  on  Diseases  of  the  Nervous 

System.  Svo,  78.  6d, 

Also. 

Diagnosis  of  Diseases  of  the  Brain.  Second 

Edition.   Svo,  with  Engravings,  78.  6d. 

Also. 

Syphilis  and  the  Nervous  System :  being  a 

Revised  Reprint  of  the  Lettsomian  Lectures  for  1890.  Delivered  before 
the  Medical  Society  of  London.   Svo,  4s. 

The  Nervous  System,  Diseases  of.    By  J.  A. 

Ormebod,  M.D.,  F.R.C.P.,  Physician  to  the  National  Hospital  for  the 
Paralysed  and  Epileptic.   With  66  Illustrations.   Fcap.  Svo,  8s.  6d. 
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Text-Book  of  Nervous  Diseases  for  Students 

and  Practitioners  of  Medicine.  By  Charlks  L.  Dana,  M.D.,  Pro- 
fesBor  of  Nervous  and  Mental  Diseases  in  Bellevue  Hospital  M^lcal 
College,  New  York.  Fourth  Edition.  With  24ti  Illustrations.  8vo.208. 

Diseases  of  the  Nervous  System.  Lectures 

dehvered  at  Guy's  Hospital.  By  Sir  Samuel  Wilks,  Bart.,  M.D., 
F.R.S.    Second  Edition.   8vo,  18s. 

Handbook   of  the  Diseases  of  the  Nervous 

System.  By  James  Ross,  M.D.,  P.R.C.P.,  late  Professor  of  Medicine 
m  the  Victoria  University,  and  Physician  to  the  Royal  Infirmary, 
Manchester.   Roy.  8vo,  with  184  Engravings,  IBs. 

Stammering  :    its    Causes,    Treatment,  and 

Cure,   By  A.  G.  Beknahd,  M.R.C.S..  L.R.C.P.    Crown  8vo,  2s. 

Secondary  Degenerations  of  the  Spinal  Cord 

(Gulstonian  Lectures,  1889).   By  Howard  H.  Tooth,  M.D  FRCP 
Assistant  Physician  to  the  National  Hospital  for  the  Paralysed  and 
Epileptic.    With  Plates  and  Engravings.    8vo,  3s.  6d. 

Diseases  of  the  Nervous   System.  Clinical 

Lectures.   By  Thomas  Buzzard,  M.D.,  F.R.C.P.,  Physician  to  the 
National  Hospital  for  the  Paralysed  and  Epileptic.   With  Bngravines. 
8vo,  15s.  ^ 
By  the  same  Author, 

Some   Forms  of  Paralysis   from  Peripheral 

Neuritis ;  of  Gouty,  Alcoholic,  Diphtheritic,  and  other  origin.  Crown 
8vo,  5s, 

Also. 

On  the   Simulation  of  Hysteria  by  Organic 

Disease  of  the  Nervous  System.   Crown  8vo,  4s.  6d. 

On  the  Typhoid  Bacillus  and  Typhoid  Fever, 

being  the  Goulstonian  Lectures  delivered  before  the  Royal  College 
of  Physicians  in  March,  1900,  by  P.  Hoeton-Smith,  M.D.,  P.R.O.P. 
With  Illustrations,  8vo,  2s.  6d. 

Gout  in  its  Clinical  Aspects.    By  J.  Mortimer 

Granville,  M.D.   Crown  8vo,  6s. 

Diseases  of  the   Liver :    with  and  without 

Jaundice.  By  George  Harley,  M.D. ,  F.R.C.P.,  F.R.S.  8vo,  wlthS 
Plates  and  36  Engravings,  21s. 

Rheumatic  Diseases  (Differentiation  in).  By 

Hugh  Lane,  Surgeon  to  the  Royal  Mineral  Water  Hospital,  Bath. 
Second  Edition,  much  Enlarged,  with  8  Plates.   Crown  8vo,  38.  6d. 
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Diseases  of  the  Abdomen,  comprising  those 

of  the  Stomach  and  other  parts  of  the  Alimentary  Canal,  CBsophagns, 
Caecum,  Intestines,  and  Peritoneum.  By  S.  O.  Habershon,  M.D., 
F.R.C.P.   Fourth  Edition.   8vo,  with  5  Plates,  21s. 

On  Gallstones,   or  Cholelithiasis.     By  E,  M. 

BnocKBANK,  M.D.  Vict.,  M.R.C.P.  Lend.,  Honorary  Physician  to  the 
Ancoats  Hospital,  Manchester.   Crown  8vo,  7s. 

On  the  Relief  of  Excessive  and  Dangerous 

Tympanites  by  puncturing  the  Abdomen.  By  John  W.  Ogle,  M.D., 
Consulting  Physician  to  St.  George's  Hospital.   8vo,  5s.  6d. 

Headaches  :  their  Nature,  Causes,  and  Treat- 
ment. By  W.  H.  Day,  M.D.,  Physician  to  the  Samaritan  Hospital. 
Fourth  Edition.    Crown  8vo,  with  Engravings,  7s.  6d. 

A  Handbook  of  Medical  Climatology,  embody- 
ing its  Principles  and  Therapeutic  Application,  with  Scientific  Data 
of  the  chief  Health  Resorts  of  the  World.  By  S.  Edwin  Solly,  M.D. 
M.R.C.S.,  late  President  of  the  American  Climatological  Association. 
With  Engravings  and  Coloured  Plates.    8vo,  16s. 

The    Mineral    Waters   of   France,    and  its 

Wintering  Stations  (Medical  Guide  to).  With  a  Special  Map.  By  A. 
Vlntbas,  M.D.,  Physician  to  the  French  Embassy,  and  to  the  French 
Hospital,  London.    Second  Edition.    Crown  8vo,  Ss. 

Surgery:  its  Theory  and  Practice.   By  William 

J.  WALSHAjyr,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Anatomy  at, 
St.  Bartholomew's  Hospital.  Seventh  Edition.  Post  8vo,  with  483 
Engravings  (including  28  Skiagrams),  15s. 

A  Synopsis  of  Surgery.     By   R.   F.  Tobin, 

Surgeon  to  St.  Vincent's  Hospital,  Dublin.  Crown  8vo,  interleaved, 
leather  binding,  6s.  6d. 

Surgical    Emergencies  :    together    with  the 

Emergencies  attendant  on  Parturition  and  the  Treatment  of  Poison- 
ing. By  Paul  Swain,  F.R.C.S.,  Surgeon  to  the  South  Devon 
and  East  Cornwall  Hospital.  Fifth  Edition.  Crown  8vo,  with  149 
Engravings,  6s. 

Illustrated  Ambulance  Lectures  :  (to  which  is 

added  a  NuBSiNG  Lecture)  in  accordance  with  tlie  Regulations  of  the 
St.  John's  Ambulance  Association  for  Male  and  Female  Classes.  By 
John  M.  H.  Maetin,  M.D.,  F.R.C.S.,  Hon.  Surgeon  to  the  Blackburn 
Infirmary.   Fourth  Edition.    Crown  8vo,  with  60  Bngravinga,  2b. 
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Operations  on  the  Brain  (a  Guide  to).  By 

Alko  FBASBn,  Professor  of  Anatomy,  Hoyal  College  of  Surgeons 
in  Ireland.  Illustrated  by  42  life-size  Plates  in  Autotype,  and  a 
Woodcuts  in  the  text.  Folio,  638. 

Abdominal  Surgery.    By  J.  Greig  Smith,  M.A., 

P.R.S.E.  Sixth  Edition.  Edited  by  Jamks  Swain,  M.S.,  M.D.  I^nd., 
P.R.C.S.  Eng.,  Assistant-Surgeon  to  the  Bristol  Uoyal  Infirmary, 
Professor  of  Surgery,  University  College,  Bristol.  2  vols.,  8vo,  with 
224  Engravings,  36s, 

The   Physiology  of  Death  from  Traumatic 

Fever;  a  Study  in  Abdominal  Surgery.  By  John  D.  Malcolm, 
M.B.,  CM.,  F.R.C,S.B.,  Surgeon  to  the  Samaritan  Free  Hospital. 
8vo,  3s.  6d. 

The  Surgery  of  the  Alimentary  Canal.  By 

Alfbbd  Ernest  Maylaed,  M.B.  Lond.  and  B.S.,  Sfuior  Surgeon  to 
the  Victoria  Infirmary,  Glasgow.  With  27  Swantype  Plates  and  89 
Figures  in  the  Text,  Svo,  25s. 

By  the  same  Author. 

A  Student's  Handbook  of  the  Surgery  of  the 

Alimentary  Canal.    With  97  Illustrations.    Crown  Svo,  8b.  6d. 

Surgery.    By  C.  W.  Manseli  Moullin,  M.A., 

M.D.  Oxon.,  F.K.C.S.,  Surgeon  and  Lecturer  on  Physiology  to  the 
London  Hospital.   Large  Svo,  with  497  Engravings,  34s. 

The   Practice   of    Surgery  :    a   Manual.  By 

Thomas  Bryant,  Consulting  Surgeon  to  Guy's  Hospital.  Fourth 
Edition.  2  vols,  crown  Svo,  with  750  Engravings  (many  being 
Coloured),  and  including  6  chromo  plates,  32s. 

The   Surgeon's  Vade-Mecum  :  a  Manual  of 

Modern  Surgery.  By  E.  Dbuitt,  F.R.C.S.  Twelfth  Edition.  By 
Stanley  Boyd,  M.B.,  F.R.C.S.,  Assistant  Surgeon  and  Pathologist 
to  Charing  Cross  Hospital.   Crown  Svo,  with  373  Engravings,  168. 

The  Operations  of  Surgery  :  intended  for  use 

on  the  Dead  and  Living  Subject  alike.  By  W.  H.  A.  Jacobson, 
M.A.,  M.B.,  M.Ch.  Oxon.,  F.R.C.S.,  Assistant  Surgeon  to,  and 
Lecturer  on  Anatomy  at,  Guy's  Hospital.  Third  Edition.  Svo,  with 
401  Illustrations,  34s. 
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A  Course  of  Operative  Surgery.     By  Chris- 

TOPHKR  Heath,  Surgeon  to  University  College  Hospital.  Secon 
Edition.   With  20  Coloured  Plates  (180  figures)  from  Nature,  by 
M.  L^VEiLLl^,  and  several  Woodcuts.    Large  8vo,  30s. 

By  the  same  Author. 

The  Student's  Guide  to  Surgical  Diagnosis. 

Second  Edition.    Fcaii.  Svo,  6s.  6d. 

Also. 

Manual  of  Minor  Surgery  and  Bandaging.  For 

the  use  of  House-Surgeons,  Dressers,  and  Junior  Practitioners. 
Eleventh  Edition.   Pcap.  Svo,  with  176  Engravings,  6s. 

Also. 

Injuries   and  Diseases  of  the  Jaws.  Fourth 

Edition.  Edited  by  Henry  Percy  Dean,  M.S.,  P. R.C.S.,  Assistant 
Surgeon  to  the  London  Hospital.   Svo,  vcith  187  Wood  Engravings,  14s. 

Also. 

Lectures  on  Certain   Diseases  of  the  Jaws. 

Delivered  at  the  E.C.S.,  England,  1887.  Svo,  with  64  Engravings, 
2s.  6d. 

Also. 

Clinical  Lectures  on  Surgical  Subjects.  De- 
livered in  University  College  Hospital.  Second  Edition,  enlarged. 
Fcap.  Svo,  with  27  Engravings,  6s. 

Ovariotomy  and  Abdominal    Surgery.  By 

Harrison  Cripps,  F.E.C.S.,  Surgical  Staff,  St.  Bartholomew's 
Hospital.    With  numerous  Plates,  royal  Svo,  25s. 

Diseases  of  Bones  and  Joints.    By  Charles 

Macnamara,  F.E.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at,  the 
Westminster  Hospital.   Svo,  with  Plates  and  Engravings,  12s. 

Surgical    Pathology  and    Morbid  Anatomy. 

By  Anthony  A.  Bowlby,  P.R.C.S.,  Assistant  Surgeon  to  St. 
Bartholomew's  Hospital.  Fourth  Edition.  Crown  Svo,  with  1S6 
Engravings,  10s.  6d. 

By  the  same  Author. 

Injuries  and  Diseases  of  Nerves,  and  their 

Surgical  Treatment.   Svo,  with  20  Plates,  14s. 
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The  Human  Foot :  its  Form  and  Structure, 

Functions  and  Clothing.  By  Thomas  S.  Kllis,  Consulting  Surgeon 
to  the  Gloucester  Infirmary.  With  7  Plates  and  Engravings  (50 
Figures).   8vo,  78.  6d. 

Short  Manual  of  Orthopaedy.     By  Heather 

Bigg,  F.R.C.S.Bd.,  Part  I.  Deformities  and  Deficiencies  of  the 
Head  and  Neck.   8vo,  2s.  6d. 

Face   and  Foot  Deformities.     By  Frederick 

Chubchill,  cm.   8vo,  with  Plates  and  Illustrations,  lOs.  6d. 

Royal  London  Ophthalmic  Hospital  Reports. 

By  the  Medical  and  Surgical  Staff.   Vol.  XIV.,  Part  2.   8vo,  58. 

Ophthalmological  Society  of  the  United  King- 
dom.  Transactions.   Vol.  XIX.   8vo,  12s.  6d. 

Manual  of  Ophthalmic  Surgery  and  Medicine. 

By  W.  H.  H.  Jbssop,  M.A.,  F.E.C.S.,  Ophthalmic  Surgeon  to  St.  Bar- 
tholomew's Hospital.  With  5  Coloured  Plates  and  110  Woodcuts. 
Crown  8vo,  9s.  6d. 

Nettleship's  Diseases  of  the  Eye.  Sixth  Edition. 

Eevised  and  Edited  by  W.  T.  Holmbs  Spiceb,  M.B.,  P.R.C.S.,  Oph- 
thalmic Surgeon  to  the  Metropolitan  Hospital  and  the  Victoria 
Hospital  for  Children.  With  161  Engravings  and  a  Coloured  Plate 
illustrating  Colour-Blindness.   Crown  8vo,  8s.  6d. 

Diseases   and    Refraction   of  the  Eye.  By 

N.  C.  Macnamara,  F.K.C.S.,  Surgeon  to  Westminster  Hospital,  and 
GUSTAVUS  Hahtridge,  F.R.C.S.,  Surgeon  to  the  Royal  Westminster 
Ophthalmic  Hospital.  Fifth  Edition.  Crown  8vo,  with  Plate,  156 
Engravings,  also  Test-types,  10s.  6d. 

On  Diseases  and  Injuries  of  the  Eye:  a  Course 

of  Systematic  and  Clinical  Lectures  to  Students  and  Medical 
Practitioners.  By  J.  R.  Wolfk,  M.D.,  P.R.C.S.B.  With  10  Coloured 
Plates  and  157  Wood  Engravings.    8vo,  21s. 

Convergent    Strabismus,  and  its  Treatment, 

an  Essay.  By  Edwin  Holthouse,  M.A.,  P.R.C.S.,  Surgeon  to  the 
Western  Ophthalmic  Hospital.   8vo,  6s. 
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Normal    and   Pathological  Histology  of  the 

Human  Bye  and  Byelicls.  By  C.  Pked.  Pollock,  M.D.,  F.R.C.S., 
and  P.E.S.B.,  Surgeon  for  Diseases  of  the  Bye  to  Anderson's  College 
Dispensary,  Glasgow.   Crown  8vo,  with  100  Plates  (230  drawings),  15s. 

Atlas  of  Ophthalmoscopy.    Composed  of  12 

Chromo-lithographic  Plates  (59  Figures  drawn  from  nature)  and 
Explanatory  Text.  By  Richakd  Libbkeich,  M.E.C.S.  Translated  by 
H.  RosBOHOUGH  SwANZY,  M.B.   Third  Edition,  4to,  40s. 

Refraction  of  the  Eye :  a  Manual  for  Students. 

By  GusTAvus  Hartbidgb,  P.R.C.S.,  Surgeon  to  the  Royal  West- 
minster Ophthalmic  Hospital.  Tenth  Edition.  Crown  8vo,  with 
104  Illustrations,  also  Test-types,  etc.,  6s. 

By  the  same  Author. 

The  Ophthalmoscope  :  a  Manual  for  Students. 

Third  Edition.    Crown  8vo,  with  68  Illustrations  and  4  Plates,  4s.  6d. 

Glaucoma  :  its  Pathology  and  Treatment.  By 

Pbiestley  Smith,  Ophthalmic  Surgeon  to  the  Queen's  Hospital, 
Birmingham.  8vo,  with  64  Engravings  and  12  Zinco-photographs. 
7s.  6d. 

Methods    of    Operating    for    Cataract  and 

Secondary  Impairments  of  Vision,  with  the  results  of  500  cases. 
By  Major  G.  H.  Pink,  H.M.  Indian  Medical  Service.  Crown  8vo, 
with  15  Engravings,  5s. 

Diseases  of  the  Eye  :  a  Practical  Handbook 

for  General  Practitioners  and  Students.  By  Cecil  Edwaed  Shaw, 
M.D.,  M.Ch.,  Ophthalmic  Surgeon  to  the  Ulster  Hospital  for  Children 
and  Women,  Belfast.  With  a  Test-Card  for  Colour-Blindness.  Crown 
8vo,  3s.  6d. 

Eyestrain  (commonly  called  Asthenopia).  By 

Ebnest  Clakkb,  M.D.,  B.S.  Lond.,  Surgeon  to  the  Central  London 
Ophthalmic  Hospital,  Surgeon  and  Ophthalmic  Surgeon  to  the 
Miller  Hospital.   Second  Edition.   8vo,  with  22  Illustrations,  5s. 

Diseases  of  the  Ear,  including  the  Anatomy 

and  Physiology  of  the  Organ,  together  with  the  Treatment  of  the 
Affections  of  the  Nose  and  Pharynx,  which  conduce  to  Aural  Disease 
(a  Treatise).  By  T.  Mark  Hovell,  P.R.C.S.E.,  M.R.C.S.;  Aural 
Surgeon  to  the  London  Hospital,  and  Lecturer  on  Diseases'  of  the 
Throat  in  the  College,  etc.   8vo,  with  122  Engravings,  18a, 
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Diseases  and   Injuries  of  the  Ear.     By  Sir 

William  B.  Dalby,  F.R.C.S.,  M.B.,  Consulting  Aural  Surgeon  to 
St.  George's  Hospital.  Fourth  Kdition.  Crown  8vo,  with  8  Coloured 
Plates  and  38  Wood  Engravings.   lOs.  6d. 

By  the  same  Author. 

Short  Contributions  to  Aural  Surgery,  between 

1875  and  1896.    Third  Edition.   8vo,  with  Engravings,  Ss. 

A  System  of  Dental  Surgery.    By  Sir  John 

Tomes,  F.E.S.,  and  C.  S.  Tomes,  M.A.,  P.R.S.   Fourth  Edition.  Post 

Svo.with  289  Engravings,  16b. 
  « 

Dental  Anatomy,  Human  and  Comparative : 

A  Manual.  By  Charles  S.  Tomes,  M.A.,  F.R.S.  Fifth  Edition. 
Post  8vo,  with  263  Engravings,  lis. 

Decay  in   Teeth  :  an  Investigation   into  its 

Cause  and  Prevention.  By  J.  Sim  Wallace,  M.D.,  B.Sc, 
L.D.S.E.C.S.   8vo,  .5s. 

Dental   Materia   Medica,  Pharmacology  and 

Therapeutics.  By  Charles  W.  Glassington,  M.R.C.S.,  L.D.S. 
Edin. ;  Senior  Dental  Surgeon,  Westminster  Hospital ;  Dental  Sur- 
geon, National  Dental  Hospital,  and  Lecturer  on  Dental  Materia 
Medica  and  Therapeutics  to  the  College.    Crown  8vo,  6s. 

Dental  Medicine  :  a  Manual  of  Dental  Materia 

Medica  and  Therapeutics.  By  Ferdinand  J.  S.  Gobgas,  M.D., 
D.D.S.,  Professor  of  the  Principles  of  Dental  Science  in  the  University 
of  Maryland.    Sixth  Edition.   8vo,  18s. 

A  Manual  of  Dental  Metallurgy.     By  Ernest 

A.  Smith,  P.I.C,  Assistant  Instructor  in  Metallurgy,  Royal  College 
of  Science,  London.   With  37  Illustrations,  crown  8vo,  6s.  6d. 

A    Manual    of   Nitrous    Oxide  Anaesthesia. 

By  J.  Fkederick  W.  Silk,  M.D.  Lond.,  M.R.C.S.,  Assistant 
Ansesthetist  to  Guy's  Hospital,  Anajsthetist  to  the  Dental  School  of 
Guy's  Hospital,  and  to  the  Royal  Free  Hospital.  8vo,  with  20  En- 
gravings, 5b. 

Practical  Treatise  on  Mechanical  Dentistry. 

By  Joseph  Richakdson,  M.D.,  D.D.S.  Seventh  Edition,  revised  and 
edited  by  Geokgb  W.  Waehbn,  D.D.S.  Royal  8vo,  with  690  Engrav- 
ings, 22b.   
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A  Handbook  on  Leprosy.    By  S.  P.  Impey, 

M.D.,  late  Chief  and  Medical  Superintendent,  Eobben  Island  Leper 
and  Lunatic  Asylums,  Cape  Colony.   With  38  Plates,  8vo,  128. 

Diseases  of  the   Skin    (Introduction  to  the 

study  of).  By  P.  H.  Pye-Smith,  M.D.,  P.E.S.,  F.K.C.P.,  Physician 
to  Guy's  Hospital.    Crown  8vo,  with  26  Engravings,  7s.  6d. 

A  Manual  of  Diseases  of  the  Skin,  with  an 

Analysis  of  20,000  Consecutive  Cases  and  a  Formulary.  By  Duncan 
B.  BuLKLKY,  M.D.,  New  York.    Fourth  Edition,  royal  16mo,  6s.  ed. 

Skin  Diseases  of  Children.    By  Geo.  H.  Fox, 

M.D.,  Clinical  Professor  of  Diseases  of  the  Skin,  College  of  Physicians 
and  Surgeons,  New  York.  With  12  Photogravure  and  Chromographic 
Plates  and  60  Illustrations  in  the  Text.    Koyal  8vo,  128.  6d. 

The  Operative  Surgery  of  Malignant  Disease. 

By  Hknhy  T.  Butlin,  F.R.C.S.,  Surgeon  to  St.  Bartholomew's  Hos- 
pital.  Second  Edition,  with  12  Engravings.   8vo,  148. 

By  the  same  Author, 

Malignant  Disease  (Sarcoma  and  Carcinoma) 

of  the  Larynx.    8vo,  with  5  Engravings,  5s. 

Aiso. 

Sarcoma   and   Carcinoma  :   their  Pathology, 

Diagnosis,  and  Treatment.   8vo,  with  4  Plates,  8s. 

Cancers  and  the  Cancer  Process:  a  Treatise, 

Practical  and  Theoretic.  By  Herbert  L.  Snow,  M.D.,  Surgeon  to 
the  Cancer  Hospital,  Brompton.    8vo,  with  15  Plates.  15s. 

By  the  same  Author. 

The   Re-appearance   (Recurrence)   of  Cancer 

after  apparent  Extirpation.    8vo,  5s.  6d. 

Also. 

The  Palliative  Treatment  of  Incurable  Cancer. 

Crown  8vo,  2s.  6d. 

The  Diagnosis  and  Treatment  of  Syphilis. 

By  Tom  Robinson,  M.D.  St.  And.,  Physician  to  the  Western  Skin 
Hospital.   Second  Edition.    Crown  8vo,  3s.  6d. 

By  the  same  Author. 

The  Diagnosis  and  Treatment  oi  Eczema. 

Second  Edition.   Crown  8vo,  3s.  6d. 

Also. 

Illustrations    of  Diseases   of  the    Skin  and 

Syphilis,  with  Remarks.    Fasc.  I.  with  3  Plates.   Imp.  4to,  5s. 
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Cancerous  Affections  of  the  Skin  (Epithelioma 

and  Rodent  Ulcer).  By  George  Thin,  M.D.  Poet  8vo,  with  8  Bngrav- 
By  the  same  Author: 

Pathology    and    Treatment    of  Ringworm. 

8vo,  with  21  Engravings,  5s. 

Ringworm,  and  some  other  Scalp  Affections  : 

their  Cause  and  (Jure.   By  Haydn  Brown,  L.E.C.P.  Ed.   Svo,  5s. 

Urinary  and  Renal  Derangements  and  Calcu- 
lous Disorders.  By  Lionel  S.  Beale,  P.R.C.P.,  P.H.S.,  Physician  to 
King's  College  Hospital.  Svo,  5b. 

Chemistry  of  Urine  :  a  Practical  Guide  to  the 

Analytical  Examination  of  Diabetic,  Albuminous,  and  Gouty  Urine. 
By  Alfred  H.  Allen,  P.I.C.,  P.C.S.,  Public  Analyst  for  the  West 
Elding  of  Yorkshire,  &c.    Svo,  with  Engravings,  7s.  6d. 

Clinical  Chemistry  of  Urine  (Outlines  of  the). 

By  C.  A.  MacMunn,  M.A.,  M.D.  Svo,  with  64  Engravings  and  Plate 
of  Spectra,  9s. 

Diseases  of  the  Male  Organs  of  Generation. 

By  W.  H.  A.  Jacobson,  M.Ch.Oxon.,  P.E.C.S.,  Assistant-Surgeon  to 
Guy's  Hospital.   Svo,  with  88  Engravings,  22s. 

Atlas  of  Electric  Cystoscopy.     By  Dr.  Emil 

BtTRCKHARDT,  late  of  the  Surgical  Clinique  of  the  University  of 
Bale,  and  B.  Hurry  Penwick,  P.R.C.S.,  Surgeon  to  the  London 
Hospital  and  St.  Peter's  Hospital  for  Stone.  Royal  Svo,  with  34 
Coloured  Plates,  embracing  83  Plgures.  21s. 

Electric    Illumination   of  the    Bladder  and 

Urethra,  as  a  Means  of  Diagnosis  of  Obscure  Vesico-Urethral  Diseases. 
By  B.  HuBRY  Penwick,  P.R.O.S.,  Surgeon  to  London  Hospital  and 
St.  Peter's  Hospital  for  Stone.  Second  Edition.  Svo,  with  54  En- 
gravings, 6s  6d. 

By  the  Same  Author. 

Tumours  of  the  Urinary  Bladder.    The  Jack- 

sonian  Prize  Essay  of  18S7,  rewritten  with  200  additional  cases.  In 
four  Pasciculi.   Fas.  I.   Royal  Svo,  5s. 

Also, 

Ulceration   of  the   Bladder,   Simple,  Tuber- 
culous, and  Malignant ;  a  Clinical  Study.   With  Illustrations,  Svo,  5s. 

Also. 

The  Cardinal  Symptoms  of  Urinary  Disease : 

their  Diagnostic  Significance  and  Treatment.   Svo,  with  36  Illustra- 
tions, 8s.  6d. 
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By  SIR  HENRY  THOMPSON,  BART.,  F.R.C.S. 

Diseases   of  the    Urinary   Organs.  Clinical 

Lectures.   Eighth  Edition.   8vo,  with  121  Engravings,  lOs.  6d. 

Some  Important  Points  connected  with  the 

Surgery  of  the  Urinary  Organs.  Lectures  delivered  in  the  B.C.S. 
8vo,  with  44  Engravings.   Student's  Edition,  2s.  6d. 

Practical  Lithotomy  and  Lithotrity ;    or,  an 

Inquiry  into  the  Best  Modes  of  Eemoving  Stone  from  the  Bladder. 
Third  Edition.   8vo,  with  87  Engravings,  10s. 

The  Preventive  Treatment  of  Calculous  Dis- 
ease, and  the  use  of  solvent  Remedies.  Third  Edition.  Cr.  8vo,  2s.  6d. 

Tumours  of  the  Bladder  :  their  Nature,  Sym- 
ptoms, and  Surgical  Treatment.  8vo,  with  numerous  Illustrations,  5s. 

Stricture  of  the  Urethra,  and  Urinary  Fistulae  : 

their  Pathology  and  Treatment,  Fourth  Edition.  8vo,  with  74  En- 
gravings, 68. 

The  Suprapubic  Operation  of  Opening  the 

Bladder  for  Stone  and  for  Tumours.    8vo,  with  Engravings,  3s.  6d. 


The  Clinical  Examination  of  Urine,  with  an 

Atlas  of  Urinary  Deposits.  By  Lindley  Scott,  M.A.,  M.D.,  with 
41  original  Plates  (mostly  in  colours).   Crown  4to,  15s.  net. 

The  Surgical  Diseases  of  the  Genito-Urinary 

Organs,  including  S5T)hilis.  By  E.  L.  Keyes,  M.D.,  Professor  of 
Genito-Urinary  Surgery,  Syphilology,  and  Dermatology  in  Bellevue 
Hospital  Medical  College,  New  York  (a  revision  of  Van  Burbn  and 
Keyes'  Text-book).   Roy.  8vo,  with  114  Engravings,  21s. 

Selected  Papers  on  Stone,  Prostate,  and  other 

Urinary  Disorders.  By  Reginald  Harrison,  F.R.C.S. ,  Surgeon  to 
St.  Peter's  Hospital.   8vo,  with  15  Illustrations,  5s. 

Syphilis.    By  Alfred  Cooper,  F.R.C.S.,  Con- 

suiting  Surgeon  to  the  West  London  and  the  Lock  Hospitals.  Second 
Edition.  Edited  by  Edward  Cotterell,  F.R.C.S.,  Surgeon  (out- 
patients) to  the  London  Lock  Hospital.  8vo,  with  24  Pull-page 
Plates  (12  coloured),  18s. 
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On  Maternal  Syphilis,  including  the  presence 

and  recognition  of  Syphilitic  Pelvic  Disease  in  Women.  By  John 
A.  Shaw-Mackknzie,  M.D.   With  Coloured  Plates.  8vo,  10s.  (id. 

Diseases  of  the  Rectum  and  Anus.    By  Alfred 

CoopKB,  P.E.C.S.,  Senior  Surgeon  to  St.  Mark's  Hospital  for 
Fistula;  and  F.  Swinford  Edwards,  F.E.C.S.,  Senior  Assistant 
Surgeon  to  St.  Mark's  Hospital.  Second  Edition,  with  Illustrations. 
8vo,  12b. 

Diseases    of  the    Rectum    and    Anus.  By 

Harbison  Cbipps,  F.R.C.S.,  Assistant  Surgeon  to  St.  Bartholomew's 
Hospital,  etc.  Second  Edition.  8vo,  with  13  Lithographic  Plates  and 
numerous  Wood  Engravings,  12s,  6d. 

By  the  same  Author. 

Cancer  of  the  Rectum.   Especially  considered 

with  regard  to  its  Surgical  Treatment.  Jacksonian  Prize  Essay. 
Third  Edition.   8vo,  with  13  Plates  and  several  Wood  Engravings,  6g. 

Also 

The    Passage  of   Air  and  Faeces  from  the 

Urethra.    8vo,  3s.  6d. 

A  Medical  Vocabulary :  an  Explanation  of  all 

Terms  and  Phrases  used  in  the  various  Departments  of  Medical  Science 
and  Practice,  their  Derivation,  Meaning,  Application,  and  Pronuncia- 
tion. By  R.  G.  Mayne,  M.D.,  LL.D.  Sixth  Edition,  by  W.  W. 
Wagstapfb,  B.A.,  F.R.C.S.    Crovra  8vo,  10s.  6d. 

A  Short  Dictionary  of  Medical  Terms.  Being 

an  Abridgment  of  Mayne's  Vocabulary.    64mo,  2s.  6d. 

Dunglison's  Dictionary  of  Medical  Science. 

Containing  a  full  Explanation  of  its  various  Subjects  and  Terms, 
with  their  Pronunciation,  Accentuation,  and  Derivation.  Twenty- 
second  Edition.  By  Richard  J.  Dunglison,  A.M.,  M.D.  Royal  Svo, 
30s. 

Terminologia  Medica  Polyglotta  :  a  Concise 

International  Dictionary  of  Medical  Terms  (French,  Latin,  English, 
German,  Italian,  Spanish,  and  Russian).  By  Thkodoke  Maxwell, 
M.D.,  B.Sc,  F.R.C.S.  Bdin.   Royal  8vo,  16b. 

A    German- English    Dictionary    of  Medical 

Terms.  By  Frederick  Treves,  F.R.C.S.,  Surgeon  to  the  London 
Hospital ;  and  Hugo  Lang,  B.A.   Crown  8vo,  half-Persian  calf,  12s. 

A  Handbook  of  Physics  and  Chemistry,  adapted 

to  the  requirements  of  the  first  examination  of  the  Conjoint  Board 
and  for  general  use.  By  Herbert  B.  Cobbin,  B.Sc.  Lond.,  and  Archi- 
bald M.  Stewabt,  B.Sc.  Lond.  With  120  Illustrations,  crown  8vo., 
(is.  6d. 
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A  Manual  of  Chemistry,  Theoretical  and  Prac- 
tical. By  William  A.  Tildkn,  D.Sc,  F.R.S  ,  Professor  of  Chemistry 
in  the  Boyal  College  of  Science,  London ;  Examiner  in  Chemistry  to 
the  Department  of  Science  and  Art.  With  2  Plates  and  143  Woodcuts, 
crown  8vo,  10s. 

Chemistry,  Inorganic  and  Organic.  With  Ex- 
periments. By  Chablks  L.  Bloxam.  Eighth  Edition,  by  John 
Millar  Thomson,  P.E.S.,  Professor  of  Chemistry  in  King's  College, 
London,  and  Akthub  G.  Bloxam,  Head  of  the  Chemistry  Depart- 
ment, the  Goldsmiths'  Institute,  New  Cross.  8vo,  with  281  Engrav- 
ings, 18b.  6d. 

By  the  same  Author. 

Laboratory  Teaching ;  or.  Progressive  Exer- 
cises in  Practical  Chemistry.  Sixth  Edition,  by  Abthur  G.  Bloxam. 
Crown  8vo,  with  80  Engravings,  6s.  6d. 

Watts'  Organic  Chemistry.    Edited  by  William 

A.  TiLDEN,  D.Sc,  P.R.S.,  Professor  of  Chemistry,  Royal  College  of 
Science,  London.   Second  Edition.   Crown  Svo,  10s. 

Practical  Chemistry,  and  Qualitative  Analysis. 

By  Pbank  Clowes,  D.Sc.  Lond.,  Emeritus  Professor  of  Chemistry  in 
the  University  College,  Nottingham.  Seventh  Edition.  Post  8vo, 
with  101  Engravings  and  Frontispiece,  8s.  6d. 

Quantitative   Analysis.     By    Frank  Clowes, 

D.Sc.  Lond.,  Emeritus  Professor  of  Chemistry  in  the  University  College, 
Nottingham,  and  J.  Bkrnaed  Coleman,  Assoc.  R.  C.  Sei.  DubUn; 
Professor  of  Chemistry,  South-West  London  Polytechnic.  Fifth 
Edition.   Post  Svo,  with  122  Engravings,  10s. 

By  the  same  Authors. 

Elementary  Practical  Chemistry  and  Qualita- 
tive Analysis.   Third  Edition.   With  68  Engravings,  Post  8vo,  3s.  6d. 

Also 

Elementary  Quantitative  Analysis.     With  62 

Engravings,  Post  Svo,  4s.  6d. 

Qualitative  Analysis.  By  R.  Fresenius.  Trans- 
lated by  Chables  B.  Groves,  P.R.S.  Tenth  Edition.  Svo,  with 
Coloured  Plate  of  Spectra  and  46  Engravings,  1.5s. 

By  the  same  Author. 

Quantitative  Analysis.    Seventh  Edition. 

Vol.   I.,  Translated  by  A.  Vachbr.    Svo,  with 

106  Engravings,  ISs. 

Vol.  II.,  Translated  by  C.  E.  Groves,  F.E.S.  Svo 

with  143  Engravings,  20s.  ' 
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Inorganic  Chemistry.    By  Sir  Edward  Frank- 

LAND,  K.C.B.,  D.O.L.,  LL.D.,  P.K.S.,  and  Francis  R.  Japp,  M.A., 
Ph.D.,  P.I.C.,  F.R.S.,  Professor  of  Chemistry  in  the  University  of 
Aberdeen.  8vo,  with  numerous  IlluBtrations  on  Stone  and  Wood,  24b. 

Inorganic    Chemistry    (A    System    of).  By 

WiLiiiAM  Ramsay,  Ph.D.,  P.R.S.,  Professor  of  Chemistry  in  the 
University  College,  London.   8vo,  with  Engravings,  15b. 

By  the  same  Author. 

Elementary  Systematic  Chemistry  for  the  Use 

of  Schools  and  Colleges.    With  Engravings.    Crown  8vo,  48.  6d. 
Interleaved,  .^s.  6d. 

Valentin's  Practical  Chemistry  and  Qualitative 

and  Quantitative  Analysis.  Edited  by  Dr.  W.  R.  Hodgkinsok, 
P.R.S.B.,  Professor  of  Chemistry  and  Physics  at  the  Royal  Military 
Academy,  and  Artillery  College,  Woolwich.  Ninth  Edition.  8vo,  with 
Engravings  and  Map  of  Spectra.   9s.   (The  Tables  separately,  2s.  6d.) 

Practical  Chemistry,  Part  I.  Qualitative  Exer- 
cises and  Analytical  Tables  for  Students.  By  J.  Campbell  Brown, 
Professor  of  Chemistry  in  Victoria  University  and  University  College, 
Liverpool.   Fourth  Edition.   8vo,  2s.  6d. 

The  Analyst's  Laboratory  Companion  :  a  Col- 
lection of  Tables  and  Data  for  Chemists  and  Students.  By  Alfred 
E.  Johnson,  A. R. C.S.I. ,  P.I.C.  Second  Edition.  Crown  8vo,  cloth, 
5s. ;  leather,  6s.  6d. 

Commercial  Organic  Analysis  :  a  Treatise  on 

the  Properties,  Modes  of  Assaying,  Proximate  Analytical  Examination, 
etc.,  of  the  various  Organic  Chemicals  and  Products  employed  in  the 
Arts,  Manufactures,  Medicine,  etc.    By  Alfred  H.  Allen,  P.I.C. 

Third  Edition. 
Vol.  I.,  18s. ;  Vol.  XL,  Part  I.,  14s. ;  Vol.  II.,  Part 

II.,  14a. 

Second  Edition. 
Vol.  III.,  Pt.  II.,  18s.;  Vol.  III.,  Pt.  III.,  16s.; 

Vol.  IV.,  completing  the  work,  18s. 

Volumetric  Analysis  (A  Systematic  Hand- 
book of) ;  or  the  Quantitative  Estimation  of  Chemical  Substances  by 
Measure,  applied  to  Liquids,  Sohds,  and  Gases.  By  Prancis  Sutton, 
P.C.S.,  P.I.C,  Public  Analyst  for  the  County  of  Norfolk.  Eighth 
Edition.   8vo,  with  116  Engravings,  20s. 
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Chemical  Technology;  or,  Chemistry  in  its 

Applications  to  Arts  and  Manufactures.  Edited  by  Chaeles  E. 
Grovks,  F.R.S.,  and  William  Thorp,  B.Sc. 

"Vol.  I. — Fuel  and  its  Applications.   By  E.J. 

Mills,  D.Sc,  P.R.S.,  and  F.  J.  Rowan,  C.B.  Royal  8vo,  with 
606  Engravings,  .30s. 

Vol.  II.— Lighting,  Fats  and  Oils,  by  W.  Y. 

Dent.  Stkarink  Industry,  by  J.  McArthur.  Candle  Manu- 
facture, by  L.  Field  and  F.  A.  Field.  The  Petroleum 
Industry  and  Lamps,  by  Boverton  Redwood.  Miners'  Safety 
Lamps,  by  B.  Redwood  and  D.  A.  Louis.  Royal  8vo,  with  S.'iS 
Engravings  and  Map,  20s. 

Vol  III. — Gas  Lighting.    By  Charles  Hunt. 

With  2  Plates  and  292  Engravings,  8vo,  ISs. 

Cooley's    Cyclopaedia  of  Practical  Receipts, 

and  Collateral  Information  in  the  Arts,  Manufactures,  Professions, 
and  Trades :  including  Medicine,  Pharmacy,  Hygiene,  and  Domestic 
Economy.  Seventh  Edition,  by  W.  North,  M.A.  Camb.,  F.C.S. 
2  Vols.,  Roy.  8vo,  with  371  Engravings,  428. 

Chemical  Technology  :  a  Manual.    By  Rudolf 

VON  Wagner.  Translated  and  Edited  by  Sir  William  Crookes, 
F.R.S.,  from  the  Thirteenth  Enlarged  German  Edition  as  remodelled 
by  Dr.  Ferdinand  Fischer.   8vo,  with  596  Engravings,  .32s. 

Technological   Handbooks.     Edited  by  John 

Gardner,  F.I.C,  P.C.S.,  and  James  Cameron,  F.I.C. 

Brewing,    Distilling,    and    Wine  Manu- 
facture.  Crown  8vo,  with  Engravings,  6s.  6d. 

Bleaching,   Dyeing,  and  Calico  Printing. 

With  Formulae.    Crown  8vo,  with  Engravings,  Ss. 

Oils,  Resins,  and  Varnishes.     Crown  8vo, 

with  Engravings,  7s.  6d. 

Soaps  and  Candles.    Crown  8vo,  with  54  En- 
gravings, 7s. 

Chemistry  an  Exact  Mechanical  Philosophy. 

By  Fred.  G.  Edward.s.    Illustrated,  8vo,  .3s.  (id. 

The  Quarterly  Journal  of  Microscopical  Science. 

Edited  by  E.  Ray  Lankester,  M.A.,  LL.D.,  P.R.S. ;  with  the  co- 
operation of  Adam  Sedgwick,  M.A.,  F.R.S..  W.F.  R.  Weldon,  M.A., 
F.R.S.,  and  Sydney  J.  Hickson,  M.A.,  P.R.S.   Each  Number,  lOs. 
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Methods  and  Formulae  used  in  the  Preparation 

of  Animal  and  Vegetable  Tissues  for  Microscopical  Bxamination,  in- 
cluding the  Staining  of  Bacteria.  By  Pkteb  Wyatt  Squibe,  F.L.S. 
Crown  8vo,  3s.  6d. 

The  Microscope  and  its  Revelations.    By  the 

late  Wii,LlAM  B.  Carpbntkr,  C.B.,  M.D.,  LL.D.,  P.K.S.  Seventh 
Edition,  by  the  Rev.  W.  H.  Dallinser,  LL.D.,  P.E.S.  With  21 
Plates  and  800  Wood  Engravings.   8vo,  26s.   Half  Calf,  308. 

The  Microtomist's  Vade-Mecum  :  a  Handbook 

of  the  Methods  of  Microscopic  Anatomy.  By  Arthur  Bolles  Leb. 
Fifth  Edition,  8vo,  15s. 

Photo-Micrography  (Guide  to  the  Science  of). 

By  Edward  C.  Bousfield,  L.R.O.P.  Lond.  8vo,  with  34  Engravings 
and  Frontispiece,  6s. 

An  Introduction  to  Physical  Measurements, 

with  Appendices  on  Absolute  Electrical  Measurements,  etc.  By  Dr. 
F.  KOHLRAUSCH.  Third  Edition,  translated  from  the  seventh 
German  edition,  by  Thomas  Hutchinson  Waller,  B.A.,  B.Sc,  and 
Henry  Richardson  Procter,  P. I.e.,  F.C.S.  8vo,  with  91  Illus- 
trations, 12s.  6d. 

Tuson's  Veterinary  Pharmacopoeia,  including 

the  Outlines  of  Materia  Medica  and  Therapeutics.  Fifth  Edition 
Edited  by  James  Bayne,  F.C.S.,  Professor  of  Chemistry  and 
Toxicology  in  the  Royal  Veterinary  College.   Crown  8vo,  7s.  6d. 

The   Veterinarian's    Pocket    Remembrancer  : 

being  Concise  Directions  for  the  Treatment  of  Urgent  or  Rare  Cases, 
By  George  Armatage,  M.R.C.V.S.    Second  Edition.   Post  8vo,  3s. 

Chauveau's     Comparative    Anatomy    of  the 

Domesticated  Animals.  Revised  and  Enlarged,  with  the  Co-operation 
of  S.  Arloing,  Director  of  the  Lyons  Veterinary  School,  and  Edited 
by  George  Fleming,  O.B.,  LL.D.,  P.R.C.V.S.,  late  Principal  Veteri- 
nary Surgeon  of  the  British  Army.  Second  English  Edition.  8vo, 
with  585  Engravings,  31s.  6d. 

Human  Nature,  its  Principles  and  the  Principles 

of  Physiognomy.  By  Physicist.  Part  I.,  Imp.  16mo,  28.  Part  II. 
completing  the  worli),  2s.  fid. 

Encyclopaedia  Medica.    Edited  by  Chalmers 

Watson,  M.B.,  M.R.C.P.E.  In  about  12  Volumes,  20s.  each  net.  Vols. 
I,  to  VI.  now  ready. 
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Allen's  Chemistry  of  Urine,  22 
  Commercial  Organic  Analy- 
sis, 26 

Armatage's  Veterinary  Pocket  Ee- 

membrancer,  38 
Barnes'  (R.)  Obstetric  Operations,  6 

 Diseases  of  Women,  6 

Beale  (L.  S.)  on  Liver,  12 

  Slight  Ailments,  12 

 Urinary  and  Renal  Derange- 
ments, 22 
Beale    (P.  T.  B.)  on  Elementary 

Biology,  o 
Beasley's  Book  of  Prescriptions,  8 

  Druggists'  General  Receipt 

Book,  8 

  Pharmaceutical  Formu- 
lary, 8 
Bell  on  Sterility,  6 
Bentley  and  Trimen's  Medicinal 

Plants,  9 
Bentley's  Systematic  Botany,  9 
Berkart's  Bronchial  Asthma,  13 
Bernard  on  Stammering,  14 
Berry's  Regional  Anatomy,  2 
Bigg's  Short  Manual  of  Orthopsedy, 

18 

Birch's  Practical  Physiology,  3 
Bloxam's  Chemistry,  25 

  Laborabory  Teaching,  25 

Bousfleld's  Photo-Micrography,  28 
Bowlby's  Injuries  and  Diseases  of 
Nerves,  17 

 Surgical  Pathology  and 

Morbid  Anatomy,  17 
Brockbank  on  Gallstones,  15 
Brown's  (Haydn)  Midwifery,  6 

  Ringworm,  22 

Brown's  Practical  Chemistry,  26 
Bryant's  Practice  of  Surgery,  16 
Bulkley  on  Skin,  21 
Burckhardt  and  Fenwick's  Atlas  of 

Electric  Cystoscopy,  22 
Burdett's  Hospitals  and  Asylums  of 

the  World,  4 
Butler-Smythe's  Ovariotomies,  6 
ButUn's  Operative  Surgery  of  Malig- 
nant Disease,  21 

 Sarcoma  and  Carcinoma,  21 

 Malignant  Disease  of  the 

Larynx,  21 
Buzzard's  Diseases  of  the  Nervous 
System,  14 


Buzzard's  Peripheral  Neuritis,  14 
 Simulation  of  Hysteria,  14 

Cameron's  Oils,  Resins,  and  Var- 
nishes, 27 

  Soaps  and  Candles,  27 

Carpenter  and  Dallinger  on  the  Mi- 
croscope, 28 
Cautley  on  Feeding  Infants,  7 
Charteris'  Practice  of  Medicine,  11 
Chauveau's  Comparative  Anatomy, 
28 

Chevers'  Diseases  of  India,  10 

Churchill's  Pace  and  Foot  Deformi- 
ties, 18 

Clarke's  Eyestrain,  19 

Clouston's  Lectures  on  Mental 
Diseases,  4 

Clowes  and  Coleman's  Quantitative 
Analysis,  25 

Clowes  and  Coleman's  Elementary 
Practical  Chemistry,  25 

Clowes'  Practical  Chemistry,  25 

Coles  on  Blood,  12 

Cooley's  Cyclopaedia  of  Practical 

Receipts,  27 
Cooper's  Syphilis,  23 
Cooper  and  Edwards'  Diseases  of  the 

Rectum,  24 
Corbin  and  Stewart's  Physics  and 

Chemistry,  24 
Cripps'  (H.)  Ovariotomy  and  Ab- 
dominal Surgery,  17 

 Diseases  of  the  Rectum 

and  Anus,  24 

 Cancer  of  Rectum,  24 

 Air  and  Pseces  in  Urethra, 

24 

Cripps'  (E.  A.)  Gralenic  Pharmacy,  8 
Cuff  s  Lectures  to  Nurses,  7 
Cullingworth's  Monthly  Nurses,  7 

Dalby's  Diseases  and  Injuries  of  the 
Bar,  20 

 Short  Contributions,  20 

Dana  on  Nervous  Diseases,  14 
Day  on  Headaches,  15 
Domville's  Manual  for  Nurses,  7 
Doran's  GyuEecological  Operations,  6 
Druitt's  Surgeon's  Vade-Mecum,  16 
Duncan  (A.)  on  Prevention  of  Dis- 
eases in  Tropics,  10 
Dunglison's  Med.  Dictionary,  24 

Edwards'  Chemistry,  27 
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Ullis's  (T.  S.)  Human  Foot,  18 
Enoyclopsedia  Medica,  28 

Fagge's  Principles  and  Practice  of 

Medicine,  10 
Fayrer's  Climate  and  Fevers  of  In^ia, 
10 

Fenwick  (B.  H.),  Electric  Illumina- 
tion of  Bladder,  22 

  Symptoms  of  Urinary  Dis- 
ease, 22 

  Tumours  of  Bladder,  22 

  Ulceration  of  Bladder,  22 

Fenwick's  (S.)  Medical  Diagnosis,  12 

 Ulcer  of  Stomach,  12 

 Obscure  Diseases  of  the 

Abdomen,  12 
—  Outlines  of  Medical  Treat- 
ment, 12 

 The  Saliva  as  a  Test,  12 

Fink's  Operating  for  Cataract,  19 
Fowler's   Dictionary   of  Practical 

Medicine,  11 
Fox  (Gr.  H.)  on  Skin  Diseases  of 

Children,  21 
Fox  (Wilson),  Atlas  of  Pathological 

Anatomy  of  the  Lvings,  11 
 Treatise  on  Diseases  of  the 

Lungs,  11 
Frankland  and   Japp's  Inorganic 

Chemistry,  26 
Fraser's  Operations  on  the  Brain,  16 
Fresenius'  Qualitative  Analysis,  25 
 Quantitative  Analysis,  25 

Galabin's  Diseases  of  Women,  6 

  Manual  of  Midwifery,  5 

Grardner's  Bleaching,  Dyeing,  and 

Calico  Printing,  27 
 Brewing,  Distilling,  and 

Wine  Manufacture,  27 
Gimlette's  Myxcedema,  12 
Glassington's  Dental  Materia  Medi- 
ca, 20 

Godlee's  Atlas  of  Human  Anatomy,  1 
Goodhart's  Diseases  of  Children,  7 
Gorgas'  Dental  Medicine,  20 
Gowers'  Diagnosis  of  Brain  Disease, 
13 

 Diseases  of  Nervous  Sys- 
tem, 13 

 Medical  Ophthalmoscopy,  13 

 Syphilis  and  the  Nervous 

System,  13 
Granville  on  Gout,  14 
Green's  Manual  of  Botany,  9 

 Vegetable  Physiology,  9 

Greenish's  Materia  Medica,  8 


Groves  and  Thorp's  Chemical  Tech- 
nology, 27 
Guy's  Hospital  Reports,  11 
Habershon's  Diseases  of  the  Abdo- 
men, 15 
Haig's  Uric  Acid,  13 

  Diet  and  Food,  4 

Harley  on  Diseases  of  the  Liver,  14 
Harris's  (V.  D.)  Diseases  of  Chest,  11 
Harrison's  Urinary  Organs,  23 
Hartridge's  Refraction  of  the  Bye,  19 

 Ophthalmoscope,  19 

Hawthorne's    Galenical  Prepara- 
tions, 8 

Heath's  Certain  Diseases  of  the 
Jaws,  17 

  Clinical  Lectures  on  Sur- 
gical Subjects,  17 

  Injuriesand  Diseases  of  the 

Jaws,  17 

  Minor  Surgery  and  Ban- 
daging, 17 

  Operative  Surgery,  17 

  Practical  AnaConiy,  1 

  Surgical  Diagnosis,  17 

Hedley's  Therapeutic  Electricity,  9 
Hellier's  Notes  on  Gynaecological 

Nursing,  7 
Hewlett's  Bacteriology,  4 
Hill  on  Cerebral  Circulation,  3 
Hirschfeld's  Atlas  of  Central  Ner- 
vous System,  2 
Holden's  Human  Osteology,  1 

  Landmarks,  1 

Holthouse  on  Strabismus,  18 
Hooper's  Physicians'  Vade  Mecum, 
10 

Horton-Smith  on  Typhoid,  14 
Hovell's  Diseases  of  the  Ear,  19 
Human  Nature  and  Physiognomy,28 
Hyslop's  Mental  Physiology,  5 
Impey  on  Leprosy,  21 
Ireland's    Mental    Ailections  of 

Children,  5 
Jacobson's  Male  Organs,  22 

  Operations  of  Surgery,  16 

Jellett's  Midwifery,  5 

 Gynecology,  6 

Jessop's  Ophthalmic  Surgery  and 

Medicine,  18 
Johnson's  (Sir  G.)  Asphyxia,  12 
 Medical  Lectures  and  Es- 
says, 12 

  (A.  B.)  Analyst's  Com- 
panion, 26 

Journal  of  Mental  Science,  5 
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Kellogg  on  Mental  Diseases,  5 
Kelynack's  Pathologist's  Handbook, 
3 

Keyes'  Geuito-Uriuary  Organs  and 
Syphilis,  23 

Kohlrausoh's  Physical  Measure- 
ments, 28 

Lane's  Kheumatic  Diseases,  14 
Langdon-Down's  Mental  Affections 

of  Childhood,  5 
Lazarus-Barlow's    General  Patho- 
logy, 2 

Lee's  Microtomist's  Vade-Mecum,  28 
Lescher's  Recent  Materia  Medica,  9 
Lewis  (Bevan)  on  the  Human  Brain,  2 
Liebreich  (O.)  on  Borax  and  Boracic 

Liebreich's  (R.)  Atlas  of  Ophthalmo- 
scopy, 19 
Lucas's  Practical  Pharmacy,  8 
MacMunn's  Clinical  Chemistry  of 

Urine,  22 
Macnamara's  Diseases  and  Refrac- 
tion of  the  Eye,  18 

 Diseases  of  Bones  and 

Joints,  17 
McNeill's  Isolation  Hospitals,  4 
Malcolm's  Physiology  of  Death,  16 
Marcet  on  Respiration,  2 
Martin's  Ambulance  Lectures,  15 
Maxwell's    Terminologia  Medica 

Polyglotta,  24 
Maylard's  Surgery  of  Alimentary 

Canal,  16 
Mayne's  Medical  Vocabulary,  24 
Microscopical  Journal,  27 
Mills  and  Rowan's  Puel  and  its 

Applications,  27 
Moore's  (N.)  Pathological  Anatomy 

of  Diseases,  2 
Moore's(SirW.  J.)Diseases  of  India, 10 

 Family  Medicine,  etc.,  for 

India,  10 
Morris's  Human  Anatomy,  1 

 Anatomy  of  Joints,  2 

MouUin's  (Mansell)  Surgery,  16 
Nettleship's  Diseases  of  the  Bye,  18 
Notter's  Hygiene,  3 
Ogle  on  Tympanites,  15 
Oliver's  Abdominal  Tumours,  6 

 Diseases  of  Women,  6 

Ophthalmic  (Royal  Lpndon)Hospital 

Reports,  18 
Ophthalmological  Society's  Trans- 
actions, 18 


Ormerod's  Diseases  of  the  Nervous 

System,  13 
Owen's  (J.)  Diseases  of  Women,  6 
Parkes'  (B.A.)  Practical  Hygiene,  3 
Parkes'  (L.  C.)  Elements  of  Health,  4 
Pavy's  Carbohydrates,  12 
Pereira's  Seleota  6  Prescriptis,  9 
Phillips'  Materia  Medica  and  Thera 

peutics,  8 
Pitt-Lewis's  Insane  and  the  Law,  4 
Pollock's  Histology  of  the  Bye  and 

Eyelids,  19 
Proctor's  Practical  Pharmacy,  8 
Pye-Smith's  Diseases  of  the  Skin,  21 
Ramsay's  Elementary  Systematic 
Chemistry,  26 

 Inorganic  Chemistry,  26 

Richardson's  Mechanical  Dentistry, 

20 

Richmond  on  Antiseptics,  7 
Roberts'  (D.  Lloyd),  Practice  of  Mid- 
wifery, 5 
Robinson's  (Tom)  Eczema,  21 
 Illustrations  of  Skin  Dis- 
eases, 21 

 Syphilis,  21 

Ross's  Diseases  of  the  Nervous  Sys- 
tem, 14 

St.  Thomas's  Hospital  Reports,  11 
Sansom's  Valvular  Disease  of  the 

Heart,  13 
Scott's  Atlas  of  Urinary  Deposits,  23 
Shaw's  Diseases  of  the  Bye,  19 
Shaw-Mackenzie  on  Maternal  Sy- 
philis, 24 
Short  Dictionary  of  Medical  Terms, 
24 

Silk's  Manual  of  Nitrous  Oxide,  20 
Smith's  (Ernest),  Dental  Metallurgy, 
20 

 (Eustace)  Clinical  Studies,  7 

 Disease  in  Children,  7 

 Wasting  Diseases  of  Infants 

and  Children,  7 
 (Fred.  J.)  Medical  Juris- 
prudence, 3 
Smith's  (J.  Greig)  Abdominal  Sur- 
gery, 16 

Smith's  (Priestley)  Glaucoma,  19 
Snow's  Cancers  and  the  Cancer 

Process,  21 
 Palliative  Treatment  of  Can- 
cer, 21 

  Reappearance  of  Cancer,  21 

Solly's  Medical  CUmatology,  15 
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Southall's  Organic  Materia  Medica,  7 
Squire's   (P.)   Companion  to  the 

Pharmacopoeia,  8 
 London  Hospitals  Pharma- 

copoeiaa,  8 

 Methods  and  Formula.  28 

Starling's  Elements  of  Human  Phy- 
siology, 8 
Sternberg's  Bacteriology,  11 
Stevenson  and  Murphy's  Hygiene,  4 
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As  to  my  boat,  it  was  ti  vorj'  good  one,  and  that  he  paw,  and  told  ine  ho  would  buy  it  of 
me   for   the   ship's   use,   iind   aoked   me   what    I   would   have   for  it. 


D  =1  0,6. 

In  this  di-itress  the  mate  of  our  vessel  lays  hold  of  the  hoat,  and  with  the  help  of  the 
rest  of  the  men,  they  got  her  slung  over  the  ship's  side. 


D   -  0,8. 

A  little  after  noon  I  found  the  sea  very  calm,  and  the  tide  ebhed  so 
far  out,  that  I  could  come  within  a  quarter  of  a  mile   of  the  ship ; 


D=  1. 

In  search  of  a  place  proper  for  this,  I  found  a  little  plain 
on  the  side  of  a  rising  hill,  whose  front  towards  this  little 
plain  was  steep  as  a  house  side. 

D  =  1,25. 

Then  I  took  the  pieces  of  cable  which  I  had  cut 
in  the  ship,  and  laid  them  in  rows  one  upon 
another,  within  the  circle  between  these  two  rows 
of  stakes. 

D    -  1,5. 

When  I  had  done  this,  I  began  to  work 
my  way  into  the  rock,  and  bringing  all 
the  earth  and  stones,  that  I  dug  down, 
out  through  my  tent. 
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